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Replacement Prioritization of Precast Deck Panel Bridges in Florida  
Ganesh Deshmukh 
ABSTRACT 
 
During the mid 70’s and early 80’s, several  precast deck panel bridges were constructed 
in Florida.  These utilize prestressed precast panels as stay-in-place forms and are 
designed to act compositely with a cast-in-place deck which is  poured subsequently.  
Such bridges offer advantages of quicker construction and lower costs.  However, several 
such bridges built in Florida developed extensive cracking and spalling.  Following 
localized failures, the Florida Department of Transportation have decided to replace all 
127 precast panel deck bridges in Districts 1 and 7.  Since deck replacement is contingent 
on funding, it is necessary to develop a rational procedure to decide the order in which 
they are replaced. This work describes the calibration of a software program developed to 
assist in the replacement prioritization of panel bridges. Prioritization is based on 
information available with FDOT in the form of biannual inspection reports over the past 
20+ years. A new computer language called BRAILE ( BRidge Annual Inspection 
LanguagE) was developed to input the data from the inspection reports.  A compute 
program PANEL was used to process the BRAILE data to identify trends that could be 
used to assign weights to observed deficiencies. The prioritization developed based on 
the method presented here was found to correctly identify high risk bridges and was 
reliable than one based solely on National Bridge Inventory (NBI) condition rating.  
    1
Chapter 1  
Introduction and Background 
 
 
1.1  Precast Prestressed Panel Deck Bridges 
 Precast Prestressed Panel Deck Bridges are composite deck bridges consisting of 
prestressed panels overlaid by a cast-in-place concrete (CIP) slab. The panels are usually 
precast at a manufacturing plant, trucked to the bridge construction site and lifted by 
cranes onto concrete or steel girders.  There, they span the opening between girders and 
serve as permanent forms for the CIP concrete topping that completes the bridge deck. 
Thus the panels eliminate the need for formwork. The panels are supported on the bridge 
girders (prestressed concrete or steel) by a permanent bearing material that provides 
continuous and solid support, consisting of mortar, grout, concrete, steel and sometimes 
soft fibrous material. However deck panels in Florida are supported mostly on 
fiberboards (shown in Figure1.1).  
 
 
 
 
 
 
 
 
 
 
 
Figure 1.1: Cross Section of Precast Prestressed Panel Deck  
Cast-in-place slab 
2 in. - 3 ¼ in. thick 
 
Precast panel 
3 ¾ in. thick 
 
L 
Prestressed girder 
 
Fiberboard bearing 
 
Shear tie 
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The precast concrete panels and concrete topping act compositely through steel shear 
connectors and friction to carry all loads after the slab has hardened. A typical cross 
section for Florida bridges is shown in Figure 1.1. The total thickness of the composite 
slab varies from 6 ¼ in. to 7 in., 7 in. being the most common.  Composite deck panels 
have been fabricated with widths ranging from 2 ft. to as much as 10 ft., with 4 ft. and 8 
ft. being the most common. Florida bridges typically use 8 ft. wide panels.  
 The deck panels are prestressed, giving the designer the ability to control stresses 
in the important tensile stress zone. The prestressing strands in the deck panels provide 
the necessary bottom reinforcement in the composite slab system. This eliminates the 
need for one layer of mild steel reinforcement in the deck. Usually # 4 ties are placed as 
shear connector to ensure composite action between the cast-in-place slab and precast 
panels. Reinforcement details for the precast panels are as shown in Figure 1.2.  
 
 
 
 
 
 
 
Table 1.1 shows the typical details (cross section and reinforcement) used for composite 
bridge decks. These details vary from state to state. 
 Previous researchers [3, 21, 23, 32] had concluded that such construction is a 
sound and economical alternative to conventional forms.  Such designs were proposed by 
contractors for construction when specifications permitted alternate solutions. 
 
 
Figure 1.2: Reinforcement Details for Precast Prestressed Panels   
Cast in place 
concrete 
#4 shear tie 
Precast  
panel 
Traffic direction  
Prestressing 
strands 
Transverse 
reinforcement  
7 in. 
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Table 1.1: Composite Slab Details used by FDOT 
Slab  Description Value 
Thickness 2  in.-3 ¼ in. 
f’c 3000 psi 
Transverse reinforcement #4 @ 10 in. o.c. 
Cast in place 
Longitudinal reinforcement #5@ 9 in. o.c. 
Thickness 2 ¾ in.+1in.(rib) 
f’c 5000 psi 
Prestressing strands 3/8 in. dia. 250 ksi spaced non-
uniformly, 2 strands ever ft.  
Precast Panel 
Transverse reinforcement #2 @ 6 in. o.c. 
   
1.2 Historical Information 
Composite deck panels are widely used in the construction of bridges in the 
United States. A 1986 survey [28] conducted by the Precast Concrete Institute (PCI) 
indicated that twenty-one state highway departments and three turnpike authorities had 
permitted their use. These types of precast prestressed composite bridges were first 
introduced in the state of Illinois on the Northwest Toll Way near Chicago in the early 
fifties. A number of states began to use panels in the late sixties and early seventies [27].   
Over the years, panel deck construction gained popularity because it eliminated 
the need for formwork in the field and reduced the amount of cast-in-place concrete. 
During the seventies a great deal of interest in building and investigating these bridge 
decks developed. Departments of Transportation in several states such as Florida, 
Pennsylvania and Texas and the Federal Highway Administration sponsored research 
programs to study the behavior of these bridges and to resolve some questions and un- 
certainties that were generated because of the innovative nature of their construction. 
Although some minor cracking was reported in some studies, the early research results 
were mostly encouraging and positive [3, 22, 24, 32]. This, in addition to economic 
factors, led to widespread use of such bridges in highways including some major 
interstate networks which were being built at that time. The AASHTO Standard 
Specification for Highway Bridges specifically recognized the precast panel construction 
in 1979 and gave design recommendations concerning minimum reinforcing, bond 
between the panel and deck concrete, and adequate development length for prestressing 
strands in the panel.  
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1.3 Performance of Bridges in Florida  
Several panel bridges were constructed in Florida during the mid 70’s and early 
80’s.  These were proposed by contractors as alternatives to the originally designed full 
depth cast-in-place decks.  During routine inspections, many of these bridges were found 
to exhibit minor to serious deck deficiencies, which are described below. 
 The first sign of deficiency usually appears in the form of a crack on the deck top 
The cracking can be longitudinal (Figure 1.3), parallel to the direction of traffic or 
transverse (Figure 1.3), perpendicular to the direction of traffic. The cracks can vary in 
width. These cracks generally reflect the location of longitudinal and transverse panel 
edges.  Continued deterioration leads to additional cracks and spalls. 
 
 
Figure 1.3: Longitudinal and Transverse Cracks 
 
Cracking also appears on the deck underside. Underside transverse cracks (Figure 1.4) 
generally appear in the center and on the ends of the panels and diagonal cracks appear at 
the edges. Underside cracking is thought to be more hazardous, because unlike the visible 
deck top cracks, decks are rarely viewed from the bottom unless a formal inspection is 
being conducted. 
 
 
 
 
 
Longitudinal cracks parallel to 
lane marking over the girder 
edges 
Transverse cracks 
 
    5
 
Figure 1.4: Underside Transverse Cracks 
 
 The other common deficiency appears in the form of a spall (Figure 1.5). A spall 
generally occurs at the intersection of a longitudinal crack and a transverse crack. 
Sometimes the longitudinal cracks along the line of a beam start spalling all along the 
span. Spalls can also form on the underside of the deck. Once a spall is formed, and left 
unattended, it starts expanding in area as well as depth, exposing steel. The exposed steel 
may corrode and deteriorate the strength of the deck. 
 
 
Figure 1.5: Spalling on Top of the Deck 
 
1.4 Objective  
 The Florida Department of Transportation (FDOT) has approximately 200 
composite precast deck panel bridges. Of these 127 are located in Districts 1 and 7. Many  
Underside transverse cracks 
Spalling 
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of these bridges have performed poorly. Most recently, sections of two bridges, the 
Northbound and Southbound I-75 over SR 72 (Clark Road) Sarasota punched (Figure 
1.6) through leaving gaping openings (3 ft x 6 ft). Fortunately this did not result in 
property damage or personal injury. Other similar failures are shown in Table 1.2   
 
Table 1.2: Failure Locations of Bridges 
Case Date Bridge # Location 
1 Feb 12/2000 170146 I-75 NB over Bee Ridge Rd 
2 Nov 27/2000 170086 I-75 NB over Clark Rd 
3 Dec 20/2000 170085 I-75 SB over Bee Ridge Rd 
4 Oct 02/2002 100332 Cross town viaduct WB span 38 
5 Sep 05/2002 100332 Cross town viaduct WB span 70 
 
 
Figure 1.6: Hole through Composite Deck Bridge (Courtesy Sarasota Herald) 
 
The Department’s most immediate goals are to reduce the inordinate inspection 
requirements of failing deck panels, implement repair solutions that will eliminate the 
repetitive nature of the deficiencies and the negative impact to maintenance yards. The 
short-term goal is to replace the decks of the high ADT deck panel bridges with long-
term plans to replace all precast panel decks. To this end, the FDOT has allocated $78 
million over 10 years for the replacement of panel bridges in Districts 1 and 7, initially 
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focusing on bridges that are in severe distress. As these bridges constitute a fraction of 
the total number of panel bridges in the Districts, a rational prioritizing replacement 
program needs to be in place as ADT volumes increase on the remaining bridges [29].  
Replacement scheduling must be based on reliable estimates of residual life. 
 The goal of this study is to prioritize the replacement of panel bridges in Districts 
1 and 7. This is achieved by quantifying the deficiencies in individual bridges by analysis 
of data from 20+ years of inspection reports.  To assist in this task, a new computer data 
language called BRAILE (Bridge Annual Inspection Report Language) was used to enter 
the inspection data into computer files.  A program called PANEL was developed to 
process BRAILE input files and assist in the prioritization.   
 
1.5 Previous Research 
The Department of Civil Engineering, University of Florida, Gainesville, 
Engineering and Industrial Experiment Station, carried out a series of research projects 
from 1980 to 1985 on precast panel form of bridge decks and presented research reports 
to Florida Department of Transportation (FDOT). The main objective of these research 
projects was to study and determine the causes of the deficiencies found in these type of 
bridges and to suggest remedial measures if any. The findings of each of the study were 
as follows: 
(1) The observed cracking on the top of the deck was primarily due to volume 
changes brought about by differential shrinkage between the panels and cast-in-
place topping. Separation at end of the panel was due to the shear being taken 
only by CIP topping. Due to observed cracking and possible interface separation, 
the span was acting as simply supported. The panel should have a positive 
bearing (mortar bearing) instead of fiberboard to increase the shear fatigue life of 
the deck and transverse panel strand extensions to decrease the deformation and 
increase the positive moment reinforcement at the supports. [6] 
(2) The interface separation near the panel ends was accelerated by the repeated 
loadings. ACI punching shear equations gave good correlation with the actual 
strength of slabs only if the effective depth of concrete topping was used. [7] 
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(3) M1 and M2 method of repair recommended by FDOT were effective in regaining 
the original stiffness of the failing specimens [8]. 
(4) Longitudinal cracks were formed due to shrinkage and repetitive vehicular 
loading. Minimum transverse reinforcement in CIP topping of #4 bars at 12 in. 
o.c., along with minimum topping thickness of 4.5 in. was sufficient for shear 
transfer. Recommendation of a broom finish of the panels, along with wetting 
prior to placing top of concrete should result in excellent bond. A minimal 
amount of shear reinforcement would provide an added assurance   [16].  
(5) Sections of the bridge repaired with M1 and M2 type repairs performed about as 
good as a conventional reinforced concrete deck of constant thickness [17].  
 Thus previous research [6, 7, 8, 16, 17] recommends positive bearing be 
used to eliminate any overstress in shear and panel strand extension be used to control the 
separation at the end of the panels from the cast-in-place concrete.    
 
1.6 Panel Deck Survey 
Information about the performance of precast panel deck systems available from 
literature review is from limited number of states e.g. Florida, Texas, Pennsylvania, and 
Iowa. In order to have first hand information about the performance of panel deck bridges 
in other states a nationwide survey was conducted. The purpose of this survey was to 
obtain information on composite bridge deck details used by other states and to identify 
for the success or failures (if any) of using this form of construction. It was thought that 
the conclusions from the investigations carried out by other states in case of failures may 
prove useful for setting up criteria for prioritization of bridges. 
The National Bridge Inventory (NBI) database was used to identify states using 
composite bridge deck construction. Guidelines mentioned in the Recording and Coding 
Guide [33] were used to identify panel deck bridges (Table 1.3). Unfortunately, the guide 
did not specifically However did not specifically mention any code for prestressed 
precast panel deck system. The possible code was determined by reviewing the NBI code 
for precast panel bridges in Districts 1 and 7. 
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Table 1.3: Guidelines for Identifying Precast Panel Bridges 
Item Description Code Description 
43 A Kind of material and/ or design 5 Prestressed concrete 
43 B Type of design and/or construction 02 Stringer/multibeam or girder 
107 Deck structure type 2 Concrete precast panels 
 
Thirty nine states were found utilizing bridges with panel decks. Information on these 
bridges for that particular state was summarized in a tabular format as shown in Table 
1.4.  
Table 1.4: Information from NBI Database 
State:- Alaska                                                                Source:- National Bridge Inventory 
Code:-020                                                                       Deck:- Precast prestressed Panels 
                                                                                                  Total Number of Bridges:- 6 
Bridge nos. Year 
Built 
Condition 
rating 
Year of  
Condition Rating 
Comments 
9830005P0000000 1951 7 2001 Reconstructed in 1983 
0983 1974 8 2000 First bridge built 
0470 1974 8 2000  
0386 1974 7 2000  
0385 1974 7 2000  
0284 1974 7 2000 Last bridge built 
 
 
1.6.1 Information to DOT’s 
 The following information was sent to state DOT’s nationwide (Sample attached in 
Appendix F): 
(1) Letter by Principal Investigator Rajan Sen, Ph.D., P.E. stating in brief the purpose 
of the survey and the feedback needed. 
(2) Sketches showing typical deficiencies for the Florida bridges. 
(3) NBI information summarized in a tabular format. 
 
Out of the 39 states identified early, only 17 states were contacted since information for 
others was not readily available. The states contacted were Alabama, Alaska, Arkansas, 
Colorado, Georgia, Idaho, Indiana, Iowa, Kansas, Maryland, Michigan, Montana, New 
Jersey, New Mexico, Oklahoma, Louisiana and Oregon. Letters were also sent to 
Districts 2, 3, 4 and 5 under the jurisdiction of Florida Department of Transportation.  
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1.6.2 Response from DOT’s 
  Thirteen out of 17 states, Districts 2 and 4 of FDOT replied to the survey. Some 
of them provided detailed information on composite deck details, design specifications 
and performance. The responses are summarized below. 
 
1.6.2.1 Alabama Department of Transportation  
Out of the list of 100 bridges sent only 2 were composite deck bridges. They have been 
performing well without any deck maintenance for 25 years. The others, according to 
Fred Conway from Alabama DOT, precast deck bridges (not composite system with 
precast deck panels). 
 
1.6.2.2 Alaska Department of Transportation  
Out of the list of 6 bridges sent none were panel decks but were instead quad-stem 
precast prestressed concrete girders covered with a waterproof membrane and asphalt 
wearing surface. Following coding system is used by Alaska DOT to identify panel deck 
bridges: 
Item 43 A = 5 – Prestressed Concrete 
Item 43 B = 04 – Tee Beam 
Item 107 = 9 – Other 
Except 43 A, other coding is different from what was used to identify these bridges. 
When NBI database was checked using the above coding system, it was found that 
Alaska DOT does not use panel deck system. The information was provided by Mr. Gary 
Scarborough and Mr. John Orbistondo.  
 
1.6.2.3 Arkansas State Highway and Transportation Department 
NBI database indicated that only 2 bridges out of 13938 use composite deck system. 
According to Mark Bradley, Staff Research Engineer Bridge No. 20254 uses prestressed 
box slab Bridge units placed side by side and not a composite deck. Also Bridge no. 
43670-00077 is a bridge in the White River National Wild life refuge that is inspected by 
Federal Government and no information was available with Arkansas DOT. 
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1.6.2.4 Florida Department of Transportation, District 2 
 Mr. Keith Campbell, District Structures and Facilities Engineer provided the 
following information on panel deck bridges in District 2. 
(1) List of Panel Bridges: There are 14 bridges under jurisdiction of District 2, FDOT 
 (Table 1.5) 
  
Table 1.5: List of Panel Bridges in District 2, FDOT 
Bridge 
# 
Facility Feature 
Intersected 
Year 
Built 
Deck 
Condition 
Rating 
Year of 
Rating 
290083 US-42 (SR-25) Suwannee River 1980 7 2003 
720425 SR-134(TIMUQUANA) Finishing Creek 1978 7 2002 
720442 SR-202 WB(JTB) Intercoastal Waterway 1979 7 2003 
720443 SR-202 WB(JTB) Cut Creek Branch 1978 7 2002 
720444 SR-202 WB(JTB) Cut Creek Tributary 1978 7 2002 
720445 SR-202 EB(JTB) Cut Creek Tributary 1978 7 2002 
720451 SR-202 WB(JTB) Cedar Swamp Creek 1979 7 2003 
720452 SR-202 EB(JTB) Cedar Swamp Creek 1979 7 2003 
720460 SR-202 WB(JTB) Hodges Blvd. 1979 7 2003 
720461 SR-202 EB(JTB) Hodges Blvd 1979 7 2003 
740087 SR-200 WB & SR-A1A Amelia River 1978 7 2002 
740088 SR-200 EB & SR-A1A Amelia River 1978 6 2002 
760044 US-17 SB(SR-15) Rice Creek 1981 7 2003 
760045 US-17 NB(SR-15) Rice Creek 1981 7 2003 
 
(2) There have been no reported failures and none have been replaced. 
(3) Latest Inspections reports were made available for all the bridges. The 
 deficiencies that have been noted are summarized in Table 1.6.  
 
Table 1.6: Information on Deficiencies for District 2 Bridges 
Bridge # Deck Top  Deck Underside 
290083 Insignificant longitudinal, transverse and 
random map cracks. 
Moderate longitudinal and transverse 
cracks at random locations. 
720425 Insignificant longitudinal, transverse, diagonal 
and map cracks in all spans 
- 
720442 
Moderate longitudinal, transverse and 
diagonal cracks at random locations. 16” x 
16” x3/4” spall in Span 16. Four pieces of 
averaging 2” each and one 24” piece of 
exposed reinforcing steel in Span 52. 
Insignificant transverse cracks and minor 
spalls at random locations throughout the 
structure. 18”x12”x6” spall with exposed 
prestressing strands between beam 54-4 
and 54-5. 
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Table 1.6: Information on Deficiencies for District 2 Bridges (contd….) 
Bridge # Deck Top  Deck Underside 
720443 12”x4”x2” deep spall in the south deck 
overhang over pier 5. 
- 
720444 
- Insignificant longitudinal and transverse 
cracking at various locations throughout. 
 
720445 
Repaired area 15’ x 25” wide in span 1, 
insignificant longitudinal and transverse 
cracking, down center of repair entire length. 
24”x8”x2” deep spall at the end of repaired 
area. Spalled area has two reinforcing steel 
bars exposed 1” and 3”. 
Insignificant longitudinal and transverse 
cracking at various locations in several 
deck panels. 
720451 Random insignificant transverse cracks and 
map cracking. 
- 
720452 
Random insignificant transverse cracks, map 
cracking and moderate scaling in all spans. 
6”x6”x1” spall in Span 1. 6 ½’ x 3 ½’ 
honeycombed area in Span 5.  
- 
720460 
Insignificant longitudinal and transverse 
cracking at random locations throughout. 
12”x8”x2” spall. 
Several insignificant longitudinal cracks 
in Span 1 and Span 3. Minor spall in Span 
2 
720461 Insignificant transverse cracks - 
740087 
Insignificant longitudinal cracks in most 
spans, random popout spalls with exposed 
steel, several up to moderate transverse full 
width cracks in Spans 24, Span 25 and Span 
26.  
Moderate transverse cracks throughout all 
the spans. Span 17 has 1.5 mm 
longitudinal crack. Deck Panel 6 between 
beams 25-3 and 25-4 has a 36 m x1.2 mm 
wide diagonal crack with a 0.1 m x 0.1 m 
x 0.05 m spalled area with an exposed 
prestressing cable. Deck Panel 26, 
between girders 25-1 and 25-2 is spalled 
in a 1.5 m x 0.46 m x 0.12 m area with 
exposed steel. 1.3 m x 1 mm wide 
longitudinal crack in Span 37.  
740088 
Insignificant longitudinal cracks in most 
spans. These cracks in Spans 10, 17, and 18 
have areas along the cracks that are spalled. 
Random popout spalls with exposed 
reinforcing steel throughout all the spans. 
Several moderate transverse cracks which 
extend the full width of the deck. 
Moderate transverse cracks throughout all 
the spans, several with efflorescence. 
760044 
Several spans have insignificant longitudinal, 
transverse and map cracks 
Insignificant transverse cracks at random 
locations throughout the structure. 
8”x5”x1 ¼” spall with 4” of exposed 
rebar in Span 4.  
760045 Several spans have insignificant size of  transverse and map cracks 
Insignificant transverse cracks at random 
locations throughout the structure. 
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1.6.2.5 Florida Department of Transportation, District 4 
 Mr. Mathew Akers provided the following information on panel deck bridges in 
District 4. 
(1) List of Panel Bridges: There are 52 bridges under jurisdiction of District 4, FDOT 
 as shown in Table 1.7. 
 
Table 1.7: List of Panel Bridges in District 4, FDOT 
Bridge 
# 
Facility Feature Intersected. 
860177 EB Sunrise Blvd. SR-91 Fla.Turnpike 
860245 WB Oakland Pk Blvd SR-91 Fla.Turnpike 
860246 EB Oakland Pk Blvd SR-91 Fla.Turnpike 
860251 EB Sample Rd SR-91 Fla.Turnpike 
860304 I-75 (SR-93) NB Arvida Pkwy (NW 196 AVE) 
860305 I-75 (SR-93) SB Arvida Pkwy (NW 196 AVE) 
860316 Miramar Pkwy I-75  (SR-93) 
860320 Bass Creek Road I-75 (SR-93) 
860327 I-75 (SR-93) SB Snake Creek 
860328 I-75 NB (SR-93) Snake Creek 
860329 Sheridan St(72ND) I-75 (SR-93) 
860330 Stirling Road WB I-75 (SR-93) 
860331 Stirling Road EB I-75 (SR-93) 
860333 I-75 (SR-93) NB US-27 (SR-25) 
860335 Ramp G-H OVER US27 US-27 (SR-25) 
860336 Ramp E-F OVER US27 US-27 (SR-25) 
860350 SR-820 I-75 (SR-93) 
860351 I-75 SB (SR-93) C-4 Canal 
860352 I-75 NB (SR-93) C-4 Canal 
860352 I-75 NB (SR-93) C-4 Canal 
860553 WB SW 10th ST Service Road/SC Railroad 
860557 EB SW 10th ST Service Road/SC Railroad 
860592 New Griffin Rd. Dania Cut-Off Canal 
864067 McNab Road US 441 (SR-7) 
880077 SR-656 (17th St.) Intracoastal Waterway 
880083 SR-60 Padgett Branch Marsh 
890093 CR-76A St. Lucie Canal 
930265 PGA Blvd. (SR 786) SR-91, Fla.Turnpike 
930269 SR A1A Intracoastal Waterway 
930322 Linton Blvd Intracoastal Waterway 
930335 SB I-95 (SR-9) PGA BLVD (SR 786) 
930336 NB I-95 (SR-9) PGA BLVD (SR 786) 
930339 SR-811 (Alt A-1-A) Loxahatchee River 
930349 WB PGA Blvd. Intracoastal Waterway 
934275 Australian Ave SB Okeechobee Blvd 
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Table 1.7: List of Panel Bridges in District 4, FDOT (contd….) 
Bridge 
# 
Facility Feature Intersected. 
934276 Australian Ave NB Okeechobee Blvd 
934940 Piper's Glen Road LWDD E-3 Canal 
935303 S. Lake Drive Canal at Lake Ida N. End  
935305 Mission Hill Rd Canal E4 Lake Ida N. End 
936551 Monet Road Scotts Canal 
940108 SB I-95 (SR-9) Gatlin Blvd 
940109 NB I-95 (SR-9) Gatlin Blvd 
940111 NB I-95 (S.R. 9) CR 712 (Midway Road) 
940112 SB I-95 (S.R. 9) CR-712 Midway Road 
940113 SB I-95 (SR-9) Galiano Rd. & C-24 Canal 
940114 NB I-95 (SR-9) Galiano Rd & C-24 Canal 
940115 SB I-95 (SR 9) CR 709 & FECRR 
940116 NB I-95 (SR 9) CR 709 & FECRR 
940122 SB I-95 (SR-9) Ten Mile Creek 
940123 NB I-95 (SR-9) Ten Mile Creek 
940126 SB I-95 (SR-9) SR 91, Fla.Turnpike 
940127 NB I-95 (SR-9) SR 91, Fla.Turnpike 
 
(2) Reported Failures: Out of the above list there were failures reported on two 
 occasions for bridges 940126 and 940127. 
(3) Information on panel deck bridges replaced: Span 2 of bridges 940126 and 
 940127 were replaced. Some spans (numbers not provided) of bridges 940113, 
 940114 will be replaced.  
 Latest inspection reports and photos of deficiencies observed on the bridges that 
were and will be replaced were made available. For each bridge the information is 
summarized. 
(1) Bridge 940113: Built in 1982 and has deck condition rating 7 (12/26/2002). Deck 
 top has delamination; patch that sounds hollow and new spall is formed adjacent 
 to north end of patch i.e. it is a failing repair, also a spall with exposed rebar is 
 present in Span 3. Span 4 has delamination on the underside of the deck. It seems 
 likely that Span 3 will be replaced. 
(2) Bridge 940114: Built in 1982 and has deck condition rating 7 (12/26/2002)        
 Deck top has spalls and longitudinal cracks in Span 2 and the slab underside                      
 has converging cracks with light efflorescence in Span 6. It seems likely that Span 
 2 will be replaced. 
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(3)  Bridge 940126: Built in 1982 and has deck condition rating 6 (7/9/2002). A 
 portion of the deck on precast panels was replaced with a reinforced concrete 
 deck in 1995. This replaced area of deck is located between BM2-3 and BM2-5 
 (full span length).  There are two spalls with exposed steel in span 2. Patches are 
 in good condition. There is loss of bearings under the concrete stay-in-place panel 
 due to which there is heavy leakage of water.  
(4)  Bridge 940127: Built in 1982 and has deck condition rating 7 (12/26/2002). Span 
 2 is being replaced with reinforced concrete deck. There are numerous minor deck 
 cracks throughout the structure. Sealant was applied to most visible of these 
 cracks 
 
1.6.2.6 Georgia Department of Transportation 
Following information was sent by Paul Liles, State Bridge Engineer with the department 
regarding the survey: 
(1) Out of the list of 45 bridges sent, 35 bridges were precast prestressed panel deck 
 bridges. During 1982-1995 many more panel deck bridges (more than listed) were 
 built in Georgia and the information is not in the bridge inventory. Decks are 
 usually coded as full depth concrete decks and the use of deck panels does not 
 show up in the NBI data. 
(2) There is some cracking on the decks, but are held together by the top mat of bar 
 reinforcement. No significant spalling is present. Bridges are performing 
 satisfactorily and there is no need for deck replacement at this time. 
(3) This method of construction was used as a contractor’s proposed alternative to a 
 full depth slab from 1982 to 1995. By 1995, the contractors stopped using deck 
 panels completely and went back to using metal deck forms with full depth slabs. 
(4) They were out of use by 2000 and were deleted in 2001 specifications. 
(5) Composite slab details used by Georgia DOT are as shown in Table 1.8. 
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Table 1.8: Composite Slab Details used by Georgia DOT 
Slab Description Value 
f’c Min – 4000 psi at release 
Max – 5000 psi at 28 days 
Transverse reinforcement 0.11 sq. in. per foot of the panel 
Limiting compressive stress 100 psi 
Prestressing strands spacing Max. – 1½ times composite slab 
thickness not more than 18 inches. 
Precast panel 
Width  Min.  – 4 ft. for interior panels 
             2 ft. for closure panels  
Max. –  8  ft. parallel to traffic 
Longitudinal reinforcement 0.25 sq. in. per foot of slab width  CIP 
Cover to longitudinal reinf. 3/4 in. 
Material Mastic, polystyrene or fiberboard 
Thickness Minimum – 1in.  Maximum – 3 in. 
Bearing  
Bearing length Minimum – 1 ½ in. 
 
Georgia DOT Design Specifications for Panel Bridges 
(1) Effective beam width considered for transfer of horizontal shear shall be the clear 
 distance between edges of panels. 
(2) Top surface of the panels shall receive a scored finish with a depth of scoring 1/8th 
 inch in the panel. 
(3) Panels shall overhang the bearing material by 1 ½ in. minimum. 
(4) To ensure full bond between precast and CIP, interface should be free from any 
 foreign matter. Immediately prior to placing the slab concrete, the panels shall be 
 saturated with water. 
(5) Panels used with AASHTO Type V beams min. overlap - 5 ½ in. with minimum 
 bearing length - 2 in. 
  As seen from the specifications, panels overhang the bearing material by 
minimum 1 ½ in., allowing the mortar to flow beneath the panels and act as a positive 
bearing. This is the likely reason for their satisfactory performance in Georgia. 
 
1.6.2.7 Indiana Department of Transportation 
Bill Dittrich, Bridge Inspection Engineer mentioned that the NBI item picked for 
identifying concrete deck panels was for precast channel shaped concrete beams used for 
the superstructure. There is separate item in INDOT database for INDOT bridges that 
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have concrete deck panels under all or part of the bridge deck. Concrete deck panel is still 
an option for contractor’s to use, but were not being used much any more. 
The prestressed panels used are 2.5 to 3 in. thick. Much cracking (in the panels only) is 
found on the end panels on skewed bridges and the end panels have been replaced by 
cast-in-place deck. The bridges that have concrete deck panels have many transverse 
cracks in the panels.  
 A list of 98 bridges with the year built, year reconstructed along with the 
condition rating of the superstructure was provided. First bridge was built in 1980 (145-
13-06874) and the last one in 2002 (136-32-07782). All the bridges are in good condition 
and performing well as indicated by condition rating. The bridges mentioned in the NBI 
database are mostly county bridges. 
 
1.6.2.8 Iowa Department of Transportation 
Following information was sent by Bruce Brakke, Bridge Maintenance Engineer with the 
Department: 
(1) Panels used are basically stay-in-place forms which become an integral part of the 
 deck. 
(2) The three bridges (16051, 238551, and 27191) out of the list of 30 are under the 
 jurisdiction of Iowa DOT and are performing satisfactorily except one with few 
 short hairline longitudinal cracks over the piers and few hairline transverse cracks 
 at the bottom of the deck. 
(3) They are permitted on bridges owned by Iowa DOT if all of the following 
 condition are met 
(i) The bridge is constructed with pretensioned prestressed concrete     
  beams. 
(ii)  Intermediate diaphragms are steel. 
(iii) Skew is 45 degrees or less. 
(iv) The bridge is on a rural highway with a traffic volume ADT of less  
  than 3000.  
(v) The bridge is not being built by staged construction. 
(4) Panel Projection on to the beams is 4 in ± ½ in. 
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(5) Fiberboard bearing (3/4 in min to 3¼ in max. thickness and 1½ in wide) used,  
 glued to the top edges of prestressed beams. 
(6) Composite slab details used by Iowa DOT are shown in Table 1.9. 
 
Table 1.9: Composite Slab Details used by Iowa DOT 
Slab Description Value 
Thickness 3 in 
f’c 3500 psi 
Transverse reinforcement  #6@11 in. o.c.-Grade 60 
2 ½ in. cover from top   
Cast in Place 
Longitudinal reinforcement #5@9 in. o.c.-Grade 60 
Thickness  5 in. 
f’c 4500 psi at release 
6000 psi(28 day) 
Prestressing strands 3/8 in. dia. 270 ksi stressed 
to 16.1 kips. Spacing 6 in.,  
1½  in. cover from interface 
Precast Panel 
Transverse reinforcement 6x6- W5.5x5.5 mesh or #3 
spaced at 12 in o.c. 
 
 
1.6.2.9 Kansas Department of Transportation 
Kansas currently has 42 bridges with decks constructed using prestressed concrete panels. 
These panels are used only on prestressed beams. Most of these bridges are performing 
satisfactorily. Only deficiencies observed were longitudinal reflective cracks on some 
bridges. List of 42 bridges was provided with the year built and the NBI coding. The 
bearing used is extended or extruded polystyrene bedding material and is epoxied to the 
girders. Following coding system is used by the Kansas DOT to identify panel deck 
bridges: 
Item 43 A = 5 – Prestressed Concrete 
Item 43 B = 02 – Multi Stringer Beam or Girder 
Item 107 = 02 – Concrete Precast Panels  
Details of the composite bridge deck systems were also provided (Table 1.10). 
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Table 1.10: Composite Slab Details used by Kansas DOT 
Slab Description Value 
Thickness 145 mm 
f’c 35 MPa 
Transverse reinforcement 16S13 or 13S14 
Cast in place 
Longitudinal reinforcement 19S3,19S6,or 19S8 
Thickness 80 mm 
f’c 35 MPa and 30 MPa at release 
Prestressing strands 10 mm  –low lax  
Transverse reinforcement 10PA1 
Size L = Max 2500 mm, Min 1800 mm  
W = 2090 
Initial Prestressing 76.7 kN 
Precast Panel 
Shear connectors 13PA2 
 
The information presented here was provided by Kenneth F Hurst, P.E., Engineering 
Manager, State Bridge Office, Kansas DOT.    
 
1.6.2.10 Louisiana Department of Transportation 
Mr. Kevin John sent a list of bridges under jurisdiction of Louisiana DOT (Table 1.11)  
 
Table 1.11: List of Panel Bridges in Louisiana DOT 
Bridge # Year Built  Condition Rating Comments 
085831132930761 1962 4  
085831090925341 1962 4  
085831078925301 1962 4  
085831123925711 1962 4  
085831146930231 1964 4  
085831143930321 1964 4  
085831093931491 1965 4  
084031167921981 1970 4  
084031208923431 1970 9 Replacement Structure 
084030575924611 1978 4  
611708174001851 1994 7  
611708174001853 1994 7  
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1.6.2.11 Michigan Department of Transportation 
In 1980, Michigan DOT was directed not to use concrete deck panels. In1994 and 1995 
they experimented with concrete deck panels, but the panels were not prestressed. They 
are not used since because of their performance, instead metal deck forms are used. 
 Roger Till of Michigan DOT provided a copy of report entitling “Investigation of Precast 
Deck Panels Used in Spread Box Beam Bridges”, April 1997. The bridge (S01 of 25031) 
investigated was composite with stay in place precast panels overlaid by cast-in-place 
deck supported over prestressed concrete box beams. The precast panels were not 
prestressed, therefore do not represent the Florida bridges. 
 From the investigation it was seen that numerous large cracks (longitudinal and 
transverse) were visible in the top deck surface. Following problems were observed in the 
precast panels:- 
(1) Transverse hairline cracks were observed in the panels. Cracking generally 
 occurred at the mid-panel and quarter points.  
(2) There was a lack of concrete cover over the bottom mesh reinforcement. The 
 mesh pattern reflected through the concrete exposing steel in random locations.  
(3) In numerous locations, the panel seal mortar placed on the box beams was not 
 continuously in contact with the panel, since it sloughed away from the precast 
 panel. 
 The problems experienced by the bridge under investigation were similar to 
Florida bridges even though the precast panels were not prestressed. It may be concluded 
that the stay in place precast panels were not performing satisfactorily. 
Recommendations given by the researchers were:- 
(1) The minimum thickness of the panel must be 3 in. with 1 ½ in. cover from the top 
 and the bottom to avoid reflective cracking in the panel due to limited concrete 
 cover over the reinforcement mesh. 
(2) Use epoxy coated mesh reinforcement to limit future bottom of deck spalls. 
 
1.6.2.12 Montana Department of Transportation 
According to Lee Walker, Program Specialist, Montana DOT does not use such 
(composite deck system) form of construction. 
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1.6.2.13 New Jersey Department of Transportation (NJDOT) 
New Jersey DOT bridges use galvanized steel for stay-in-place forms. NJDOT has never  
used prestressed precast concrete deck panels as stay-in-place forms. The above 
information was provided by Al Virgilio, Supervising Engineer with NJDOT. 
 
1.6.2.14 New Mexico Department of Transportation 
Mr. Jimmy Camp, State Bridge Engineer with New Mexico DOT provided the following 
information: 
(1) New Mexico mainly uses full depth concrete bridge decks.   
(2) Until 1987 full depth decks poured on false work and after 1987 full depth 
 concrete decks on stay in place steel forms were used. 
(3) Precast deck panels were not used until about 1999 except on twin bridges built   
 in 1985 on NM 500 over the Rio Grande. One bridge has performed well, the   
 other has not.  Bridge No 8568 has a deck rating of 7.  Bridge No 6224 has a   
 deck rating of 4.  The causes for the different behavior of the deck with same   
 form of construction were not investigated. 
(4) Since 2000 about 25 bridges with concrete deck panels were built.  These 
 bridges were built on DOT’s Big I project and on US-70 project. Some 
 premature concrete cracking has been observed but it is no worse than those in   
 full depth concrete decks.   The cracking has been filled with pourable epoxy   
 crack fillers.  All these decks are satisfactory for now.   
 The bridges with precast panels are in the early stage of use and are performing 
okay. It is therefore difficult to comment on the behavior of these bridges at this time. 
 
1.6.2.15 Oklahoma Department of Transportation (OKDOT) 
Mr. Eariquez sent a fax stating that the list of bridges sent was accurate and the bridges  
are performing well, no cracking was observed. Thus the information sought using the  
NBI coding seemed to be accurate in this case. 
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1.6.2.16 Texas Department of Transportation [25] 
The information mentioned here is obtained from a publication available on the Texas 
DOT web site. Composite slab details for a typical span of 8.7 ft used by Texas DOT are 
shown in Table 1.12.  
 
Table 1.12: Composite Slab Details used by Texas DOT 
Slab Description Value 
Thickness 4 in. 
f’c 4000 psi 
Transverse reinforcement 
(Grade 60) 
Top layer - #5@6 in. O.C. 
Cover – 2 in. 
Bottom layer - #5@6 in. O.C. 
Cover – 1.25 in. 
Cast In Place 
Longitudinal reinforcement 
(Grade 60) 
Top layer - #4@9 in. O.C. 
Bottom layer - #5@9 in. O.C. 
Thickness 4 in. 
f’c 5000 psi 
Prestressing strands 3/8 in. dia 270 ksi 6 in. O.C. 
Prestressing force 16.1 kips 
Tension limit 6 f’c 
Precast Panel 
Final stress 144 ksi 
 
Texas DOT Design Specifications 
(1) Panels at end of spans must have #3 bars extending into CIP portion 
(2) Panels to be supported at least 1/4 in. above the girder so that mortar can flow 
 under the panels to provide bearing to live loads. 
(3) Polystyrene foam (Dow PL 300 Glue) used instead of fiberboard, available up to 
 4 in. thick. 
(4) Panel overhangs bearing by 1 ½ in. minimum. 
Texas does prohibit the use of panel decks for certain applications:   
(1) Curved steel girder bridges: Texas DOT’s Bridge Design Engineer prefers to 
 have a monolithic deck on these units because of the complicated interaction 
 between the deck, the curved girders, and the diaphragms.  
(2) Bridge widening: Panel decks are not allowed in the bay adjacent to the existing 
 structure because it is usually not possible to set the panels properly on the 
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 existing structure. It can be used on the other girders when the widening involves 
 multiple girders.   
(3) Phased construction: Panel decks are not often allowed in the bay adjacent to the 
 previously placed deck because it is difficult to install a header form that leaves 
 enough room for the panels to be set properly on the girders from the earlier 
 stages.  
(4) Steel girders with narrow flanges: Girders with flanges less than 12 inches wide 
 make panel deck use difficult because the shear studs conflict with the panels. 
 Standard details allow shear studs to be skewed across the flange width to 
 facilitate the use of panels where sufficient flange width is available.    
 
1.6.3 Summary 
 To date 13 DOT’s and two districts, FDOT have responded to the survey 
conducted. The information mentioned in the NBI database does not seem to identify the 
bridges with prestressed precast panels overlaid with cast in place concrete. Each state 
has its own way of coding such type of bridge, which is not reflected in the NBI database.  
Many a times precast deck bridges are coded as stay in place precast panels overlaid by 
cast-in-place concrete. In some cases it seems to be correct as in case of Oklahoma DOT. 
In general, it is difficult to find prestressed precast panel decks from NBI database. 
 Stay in place steel forms are preferred instead of precast panels (Georgia DOT, 
Michigan DOT, and New Jersey DOT). Out of the DOT’s who have responded, none 
have investigated the causes of deficiencies (if present) except Michigan DOT. In case of 
Michigan the precast panels used were not prestressed. The composite deck details used 
are different from Florida (Georgia, Iowa, Kansas, Texas). Panels overhang the bearing 
material to allow the mortar to flow beneath the panel and act as a positive bearing to 
effectively transfer the shear to the girder below. In two cases (Kansas DOT and Iowa 
DOT) panels are used only when the supporting girders are prestressed. This allows more 
rigidity to the deck in transverse direction as a result less cracking is observed. Texas is 
the most successful state in terms of use of panel deck system, though longitudinal and 
transverse cracking have been observed on few occasions. Almost 85 % of bridges are in 
Texas use panel decks.  
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 Thus it can be seen that the composite deck system if used are performing 
satisfactorily but generally avoided, except in Texas, where it’s usage is encouraged. In 
some DOT’s metal stay in place forms are preferred. Positive bearing and panel 
overhangs are found to lead to good performance of the bridge.  
 
1.7 Outline 
 The remaining parts of the thesis can be summarized as follows.  Chapter 2 
discusses the challenges in developing a prioritization scheme and proposes a 
methodology.   Chapter 3 presents details of the BRAILE data language and PANEL 
software.  Statistical analysis of the data obtained using PANEL is presented in Chapter 
4.  Results obtained using the prioritization methodology is presented in Chapter 5. 
Finally, Chapter 6 presents the summary and conclusions of the current study and 
proposes future work.   
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Chapter 2  
Prioritization Strategy 
 
2.1 Introduction 
 As stated earlier in Chapter 1, the main objective of the current study is to assist 
in prioritization of replacement of deficient panel bridges based on residual life and other 
practical considerations. The main difficulty in prioritization arises because of the 
inability to accurately predict the behavior of precast deck panel bridges. For example, 
bridges in Lee Roy Selmon Crosstown Expressway in Tampa, although subjected to 
similar traffic loads, display quite different behavior, with some being in good condition 
while others displaying severe cracking and spalling. Large number of variables, such as 
ADT, ADTT, posted speed, age, concrete strength, span length, panel dimensions etc. can 
influence the behavior of panel deck bridges. The relation between the variables is 
complex and not fully understood. Also, the failure is complex and progressive in nature. 
Keeping in mind the above challenges a number of solutions were explored to prioritize 
replacement of these bridges. Solutions explored are discussed in brief in the next 
section.  
 
2.2 Solutions Explored 
2.2.1 Numerical Modeling [30] 
 Two-dimensional and three - dimensional finite element (FE) analysis were 
carried out using ANSYS. Plain strain and solid elements were used for 2-D and 3-D FE 
models respectively as shown in Figure 2.1 and Figure 2.2. The idea was to prioritize 
based on predicted residual capacity of the bridge decks. However the conclusion from 
the analysis was that cracking was mainly due to creep and shrinkage, and that other 
parameters played a secondary role. Shrinkage and creep loads are very sensitive to time. 
This was thought to be the reason for the observed widespread irregularity in 
performance of these bridges. 
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Another limitation of the FE analysis is that it is difficult to quantify all the relevant 
parameters such as ADT, age, quality of construction, therefore restricting its application 
to actual prioritization. The analysis was based on some assumptions and therefore did 
not accurately represent the true state of the bridge. Thus it was concluded that FE 
analysis alone would not be sufficient for the purpose of prioritization. 
 
Figure 2.1: 2-D Plain Strain Model 
 
Figure 2.2: 3-D FE Model 
 
2.2.2 Field Inspection using Non Destructive Testing (NDT) [30] 
 Initially the use of Ground Penetrating Radar (GPR) was considered as a means to 
assess the condition of panel bridges (Figure 2.3). The idea was to prioritize depending 
upon the amount of deficiencies on the bridge decks. Before using it on the bridges under 
investigation, a nationwide survey was conducted regarding the practical application of 
GPR to determine deficiencies on the bridge decks. The results indicated that GPR 
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studies on bridge decks were typically inconclusive, expensive and time consuming. Thus 
the method was not suitable for prioritization.  
 
 
Figure 2.3: GPR Survey on Bridge Deck 
 
2.2.3 Field Inspections using High Speed Camera [30] 
 As an alternative to GPR, the use of a high speed camera to photograph 
deficiencies was explored (Figure 2.4). A pilot study was carried out on a bridge on 
Gibsonton Road, I-75. Unfortunately several technical difficulties were encountered. It 
was concluded that this was a useful approach but at this point in time was not feasible 
due to bad hardware, expensive equipment and the difficulty of processing large volume 
of data. Thus the method could not be employed for prioritization.  
 
 
Figure 2.4: High Speed Camera  
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 In summary it can be stated that the solutions explored had some or the other 
limitation, so they could not be used for prioritization. Therefore an alternative method of 
prioritization was required, and it was decided that information from inspection reports 
available for 20+ years for all the bridges would be used. Information found in the 
inspection reports is discussed in detail in succeeding sections.  
 
2.3 Bridge Inspection Reports 
2.3.1 Introduction  
As a part of bridge maintenance program Florida Department of Transportation 
(FDOT) carries out scheduled inspections to evaluate the condition of the bridges and to 
adopt remedial measures in case of deficiencies. All the information gathered from 
inspections is summarized into standard inspection report formats. Inspection reports 
summarize information on types of deficiencies (such as cracks and spalls) and quantify 
existing damage to the structure. Normally the inspections are carried out biannually but 
sometimes special inspections are conducted as needed. Inspection reports from past 20+ 
years for all the bridges are available with FDOT.   In addition, reports from monthly 
drive-by inspections performed on high risk bridges are also available for analysis.  
Inspection reports are perhaps the most effective and reliable means for 
prioritization as they describe the actual condition of the bridges. From these inspection 
reports one is in a position to obtain a general picture about the condition of the bridges, 
i.e., distinguish between bridges that are in good condition and those that are severely 
deteriorated. Other types of information are also available for bridge decks from the 
bridge plans and national bridge inventory (NBI), but inspection reports are the most 
accurate. The use of inspection reports for prioritization will be discussed later. 
 
2.3.2 Formats 
 Typically two types of inspection formats are used. They can be categorized as 
the “old inspection format” used from 1981 to 1997and the “new inspection format” used 
from 1999 to date.  Samples of the two formats are shown in Figure 2.5 and Figure 2.6.  
Figure 2.7 shows a sample monthly inspection report, used to identify and  
monitor deck deterioration in severely distressed bridges. 
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Figure 2.5: Old Inspection Format  
 
 
 
Figure 2.6: New Inspection Format  
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Figure 2.7: Monthly Inspection Format  
 
Table 2.1 summarizes the comparison between the two types of formats used. Often, the 
format and the information presented in two consecutive inspection reports vary 
depending upon inspector’s understanding of the observed deficiency on the bridge deck. 
 
Table 2.1: Comparison between Old and New Inspection Format 
Characteristic Old Format New Format 
Year  1981-1997 1999-till date 
Definition of 
cracks/spalls 
Crack class identifies width Actual size mentioned 
Condition rating (Deck) No Yes. 
*Frequency of reports Two years Two years 
Units US Customary Metric 
Deck deficiencies top 
and underside 
Mentioned separately, under 
the heading  “Deck Top” 
and “Deck Underside” 
Mentioned together under the 
heading  “Concrete Deck on PC 
Panel” 
Joints nomenclature Expansion joints Pourable joint seal and 
Compression joint seal 
Information Detailed and good  Sometimes detailed, fairly good 
Sketches of deficiency Provided Sometimes provided 
*In few cases special inspections are carried out depending upon the special condition to be evaluated 
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In general, it was found that the old inspection formats are more detailed than the new 
ones since more information is presented, including  many useful sketches. Sometimes 
span wise deficiencies were also recorded. Although, inspection reports are sometimes 
inconsistent in presenting the information, they are still the best available means to 
determine the actual bridge condition. 
 
2.3.3 Types of Information  
 Normally the information available in the inspection reports lists the type of 
deficiencies observed in the bridge deck, the damage found on the bridge including a 
brief description of the damage with sizes and locations, and the chronological 
development of the deficiencies. Based on this information, the inspector assigns a 
condition rating to the bridge deck, which is also listed in the NBI database. The 
description of the deficiencies mentioned here are the common deficiencies observed in 
most of the bridge decks.  
The most common deficiency mentioned is cracking in the longitudinal and 
transverse direction. Generally longitudinal cracking occurs along the edges of the 
precast panels (above the girders). Transverse cracks are reflective cracks and occur 
along the panel joints. These types of cracks are typical in deck panel construction. 
Occasionally transverse cracks are observed in the deck underside. Efflorescence from 
these cracks is a common phenomenon. Sometimes diagonal cracks are also present. Map 
cracking is also observed in few cases. Location (span, bay and panel), width or class, 
start date and progress (worse/ same) of the cracks over the time are mentioned. The 
reports do not always contain detailed information regarding cracking, and sometime 
merely mention their occurrence. 
Another common and major deficiency mentioned is spalling. Span wise size 
(length, width and depth) or class (class1 to class5) along with exposed steel if present is 
mentioned. Location (span, bay, and panel) is also mentioned. Some inspectors attribute 
the spalling to insufficient concrete cover on the deck top.  Varieties of spalls are present 
from an incipient spall to critical ones which may need immediate corrective action. 
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  Delaminations in the deck top and bottom are also listed. These sometimes pose 
an imminent danger to the deck since exposed aggregate and, in the worst cases, exposed 
rebars are seen, calling for an immediate action to avoid corrosion and excessive wearing. 
Size (length, width and depth), location (span, panel and bay) and the progress 
(same/worst) are mentioned.  
 Staining in the deck bottom is another common phenomenon which is mentioned. 
Sometimes staining is accompanied by severe leaking, which suggest an internal cracking 
and corrosion. 
 Information on repairs (previous, existing and failing) is mentioned. Type of 
repair (usually asphalt/concrete patches), the span and the size (length, width and depth) 
of the repair is recorded. Failed repairs are also listed. Many patch repairs on such 
bridges have been found to fail. This may be due to lack of quality in the patching 
process or as a result of asphalt being a non-structural material is not able to withstand 
the repetitive vehicular loads. These failing repairs have led to the punching failure of the 
deck on few occasions [16], and led to the complete panel being replaced by full depth 
cast-in-place deck. 
 All the reports contain information on expansion joints stating if they are in good 
or poor condition and the recommendation for cleaning the joint or replacing it. The 
length of expansion joints are noted in the new inspection formats.   Inspection reports 
indicate that expansion joint are persistent problem items, right from the year of 
construction.  There seems to be no solution yet to remedy the problem. Condition state 
(1 or 5) of the bridge deck [35] is important and useful information which is obtained 
through these reports. One can identify the bridges that need immediate corrective action 
(replacement or repair) from the condition rating. 
 The information available in the inspection reports proves to be useful in 
identifying the bridges with major deficiencies, and furthermore the critical spans. 
Through the historical information we can try to identify patterns through statistical 
analysis and look for factors that can possibly lead to these deficiencies. For example, 
transverse cracks that were noticed during first inspection and then remained unchanged 
was may be due to a bad quality of construction, improper concrete quality control or 
shrinkage during the curing process. In contrast a transverse crack close to the panel 
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supports and which have been increasing in size through the years may indicate a shear-
fatigue problem.  
 
2.3.4 Limitations 
Although the inspection reports were found to be the only means to get 
information on actual condition of the bridge decks, there are some limitations which 
may affect the prioritization process. The reports have limitations due to different 
agencies and inspectors involved in the inspection process. The information gathered in a 
report is based on the experience and background of the inspector. Some of the major 
limitations are: 
(1) Inconsistent level of details. 
(2) Lack of uniformity in defining the location of damages e.g. some inspectors locate 
 the damage by span, bay and panel and others use a distance approaching a pier or 
 an abutment as a reference. 
(3) Total number of cracks is not recorded in each span but a general statement as 
 “cracks in all spans” is mentioned. 
(4) Spall depth, which is an important factor, is not always recorded. 
(5) Many different terminologies are used for the same deficiency depending upon 
 the inspectors. 
(6) Sketches or photographs which prove more useful than actual description are not 
 presented in all the reports. 
(7) Inconsistency in presenting the information. 
(8) Start date and progress of the deficiencies is mentioned only for few bridges. 
    
2.3.5 Comparison with Other Solutions Explored [30] 
2.3.5.1 Inspection Reports vs. Numerical Model 
 Numerical models try to predict behavior based on some assumption, but 
inspection reports represent the actual behavior. For example, if finite element (FE) 
model predicts certain span to be fine but it is found that the span has large number of 
spalls, obviously the inspection report must be used and not FE. 
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2.3.5.2 Inspection Reports vs. GPR 
 GPR can predict something is odd in the span but does not indicate the specific 
type of deficiency. Inspection reports contain simpler, yet more specific data such as 
honeycombing, delaminations etc. 
2.3.5.3 Inspection Reports vs. Camera 
 Camera can provide accurate and current information about the deck condition, 
while inspection reports may not be current. However, information on other aspects, such 
as underside deficiencies cannot be found by drive-by inspection with a mounted camera. 
Inspection report reveals such deficiencies. 
 
2.4 Proposed Method 
 Investigation of the failures and analysis of the stages of deterioration revealed the 
main causes of punching shear failure of the deck. The stages of deterioration (such as 
spalls, failing repairs) are used as condition indicators and bridges are prioritized based 
on these. The stages of deterioration are discussed in brief along with structural 
justification i.e. causes of these failures in the succeeding section.  
 
2.5 Path to Punching Failure of Deck [16] 
 Deck deficiencies were discussed earlier in Chapter 1. The discussion here is 
related to the progressive nature of the failure. Various stages of deterioration observed 
prior to catastrophic punching shear failure are discussed below. 
  
2.5.1 Longitudinal Cracks  
  This appears first and is a typical deficiency found in precast panel deck bridges. 
These are formed along the edges of the girders and are parallel to the direction of traffic 
(Figure 2.8). The observed longitudinal cracking is primarily due to volume changes 
brought about by differential shrinkage between the precast panels and cast-in-place 
topping [6]. 
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Traffic direction 
 
Figure 2.8: Longitudinal Cracks 
 
2.5.2 Parallel Longitudinal and Transverse Cracks 
 They are formed next after few days in service. Transverse cracks are reflective 
cracks along the panel borders as shown in Figure 2.9.  Parallel longitudinal cracks are 
formed due to creep of the panels under the action of prestress and differential shrinkage 
between precast panels and cast-in-place topping. Impact due to the live load leads to 
additional longitudinal cracks parallel to the original. Both longitudinal and transverse 
cracks also increase in size and number. 
 
 
Transverse crack 
Parallel longitudinal  
cracks  
 
Figure 2.9: Parallel Longitudinal and Transverse Cracks 
 
2.5.3 Underside Longitudinal Cracks  
 Although, not as common in many cases after   few years, longitudinal cracks 
occur on the underside of the deck as shown in Figure 2.10.  
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Underside longitudinal crack 
 
Figure 2.10: Underside Longitudinal Cracks 
 
2.5.4 Underside Transverse Cracks 
 This deficiency is found in the panel midspan as well as in the ends. The typical 
crack runs between two strands (Figure 2.11). 
 
 
Underside transverse crack 
Panel joint 
 
Figure 2.11: Underside Transverse Cracks 
 
2.5.5 Underside Transverse Cracks with Efflorescence  
 After few years, many times transverse cracks with efflorescence are observed on 
the underside of the deck (Figure 2.12). The main cause is water seeping through the 
cracks on the top of the deck. This type of cracking indicates severe distress to the deck.  
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Efflorescence 
Panel joint 
 
Figure 2.12: Underside Transverse Cracks with Efflorescence 
 
2.5.6 Spalling  
 A few weeks later, spalling occurs at the intersection of a longitudinal and 
transverse crack. As the vehicle wheels move tend to pound the top of the deck. Thus the 
longitudinal cracks and transverse cracks that are very flat near the surface gradually 
spall. Once the spall is formed, and left unattended, it starts expanding in area as well as 
depth and the steel is exposed (Figure 2.13). The steel gets corroded when it comes in 
contact with the moisture and structural capacity of the deck is reduced. Spalling 
sometimes occur on the underside. It is thought that spalling occurs due to low cover. 
 
 
Exposed steel 
Spall 
 
Figure 2.13: Spall with Exposed Steel 
 
2.5.7 Local Repairs  
 After few months, local repairs are carried out by FDOT to maintain right quality 
of the deck. Spalls are patched with asphalt as shown in the Figure 2.14  
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 Asphalt patch 
 
Figure 2.14: Asphalt Patched Spall 
 
Sometimes concrete repairs are also carried out as shown in Figure 2.15. After few days 
due to the impact from moving vehicles there exists a new spalling occur adjacent to the 
previously patched area (Figure 2.15), which may be due to inadequate repair quality.  
 
 
 Concrete repair Respalling 
 
Figure 2.15: Concrete Repair and Respalling 
 
2.5.8 Failing Repairs  
 After few days, the newly formed spall increases in area and depth as shown in 
Figure 2.16. This may due to impact from the vehicular movement and stress 
redistribution. Analysis of bridges listed in Table 1.2 indicates failing repairs to be 
precursor to the sudden failures of the bridge decks.  
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M1 concrete repair 
 
Figure 2.16: Failing Repairs 
 
2.5.9 Punching Failure  
 Large area of failing repairs near panel edges significantly reduce the deck cross-
section resisting shear and make the deck likely to fail due to shear fatigue (Figure 2.17). 
Such failures are repaired by replacing the bay with full depth CIP concrete. 
 
 
Figure 2.17: Punching Shear Failure 
 
2.6 Prioritization based on Working Model 
2.6.1 Concept  
 The idea is to identify the bridges that are closer to eventual failure using the 
working model of progressive failure and assign a higher priority for their replacement. 
For example bridges with failing repairs are more likely to fail than bridges with just 
small spalls. 
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 Other factors such as average daily traffic (ADT), lane placement, ADTT, quality 
and type of repair also influence the occurrence of failures. These factors may be used to 
refine the prioritization. This can be achieved by identifying relations between occurrence 
of deficiency and parameters of interest such as ADT, span length, compressive strength 
of concrete, girder type and panel size.  
 
2.6.2 Challenge 
 There are 127 bridges in District 1 and District 7. Information from the biannual 
inspection report is available for 20+ years for each bridge, i.e., 1200 reports need to be 
reviewed. This means that a huge amount of data needs to be processed and checked with 
great care and accuracy to ensure all the important information is included. Thus 
prioritization based upon inspection reports is not an easy task and would require a 
computer generated program to process the enormous amount of data. 
 
2.6.3 Solution 
 The information from inspection reports was converted to a form suitable for 
computer processing using a set of commands from a command language called 
BRAILE. BRAILE stands for BRidge Annual Inspection Report LanguagE and was 
developed as part of this study.         
 A computer program called PANEL processes the BRAILE files and generates 
output in the form of total number of deficiencies of each type for each bridge. These 
deficiencies are assigned some weights which indicate the severity of the deficiency. 
Each bridge is given a quantitative deficiency index by combining the weighted 
deficiencies. The bridge replacement priority is primarily based on this index.  
 
2.7 Summary 
 Standard solutions such as FE analysis, NDT methods were explored in order to 
assist in prioritization but were found to have several limitations. Consequently the 
prioritization is based on data from inspection reports. Inspection reports are the best 
means to indicate the true state of the bridge. Other issues such as importance of the 
bridge, grouping bridges for replacement, are also addressed. The prioritization is based 
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on quantitative measure of number of type of distress recorded in the inspection reports. 
The process utilizes a new command language called BRAILE and computer program 
PANEL to carry out the process.
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Chapter 3 
Prioritization Software 
 
3.1 Introduction 
 As mentioned in Chapter 2, replacement prioritization of panel bridges was based 
on data from inspection reports from past 20+ years.  A computer data language 
(BRAILE) was developed to translate the information from the inspection reports to a 
form suitable for computer processing.  Details of the data language, BRAILE, and the 
data processing software, PANEL, are presented in this chapter.   
 
3.2 Bridge Annual Inspection Report Language (BRAILE) 
 BRAILE is a computer data language developed to represent the data from the 
inspection report. It consists of commands that translate information from inspection 
reports to a computer language format.  The data is entered into a text file, which is 
subsequently processed using PANEL.  The language was developed by the research 
team at University of South Florida.  
 
3.2.1 Translation of Information 
 Translation of information from the inspection report into a standard command 
format is presented here using an example. An old inspection report is shown in Figure 
3.1 for Bridge No. 130090.  Only sections under the headings Deck (Top)/ Surfacing and 
Deck (Underside) are shown here. Information from regions 1 through 6 shown in the 
inspection file (see Figure 3.1) is translated to BRAILE commands in the corresponding 
marked regions (see Figure 3.2).  Text following the exclamation point in the BRAILE 
file indicates comments, and is ignored during data processing. Figure 3.3 shows a new 
inspection report and the corresponding BRAILE file below it. 
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Figure 3.1: Old Inspection Format 
1
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Figure 3.2: BRAILE File 
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Figure 3.3: New Inspection Format 
 
 
The BRAILE file for the new inspection format is shown below.  
 
BRIDGE, 130090                                                                                                                    (Level 1) 
 IDATE, 11/13/2001         !INSPECTION DATE                                                       (Level 2) 
   
  /NI-DECKTOP  ! FOLLOWING COMMANDS REFER TO DECK TOP (Level 3) 
   CONDITION, #=3                                                                        (Level 4) 
   !DELAM,SPAN,WIDTH,LENGTH,ESTEEL 
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   DELAM,SPA=3,WID=67,LEN=19.6,EST=NO 
   !EREPAIR, TYPE, SPAN, LANE, X, Y, Z 
   EREPAIR,TYP=PATCH,SPA=1,LAN=2,X=11.8,Y=9.8 
   EREPAIR,TYP=PATCH,SPA=3,LAN=2,X=11.8,Y=7.8 
   EREPAIR,TYP=PATCH,SPA=4,LAN=2,X=7.8,Y=6 
   EREPAIR,TYP=PATCH,SPA=4,LAN=2,X=7.8,Y=6 
   EREPAIR,TYP=PATCH,SPA=4,LAN=2,X=7.8,Y=6 
   ! /END  
  
  /NI-DECKUNDER  ! FOLLOWING COMMANDS REFER TO DECK BOTTOM 
   CONDITION,#=3 
  !GCRACK,ORIENTATION(L/T/B),SPANS,BENT/BAY,CLASS1(ORWID),              
 !CLASS2(OR WIDTH),STARTDATE, PROGRESS(SAME/WORSE) 
   GCRACK,ORI=T,SPA=ALL ! MINOR CRACKS 
   
   !SPALL,SPAN,BAY,PANEL/LANE,BENT,X,Y,Z,ESTEEL 
   SPALL,SPA=4,BAY=2,PAN=3,BEN=1,X=7.8,Y=7.8,Z=0.4,EST=NO 
   SPALL,SPA=4,BAY=3,PAN=4,BEN=1,X=15.7,Y=5.9,Z=0.8,EST=NO 
   !/END 
   
  /NI-CJS           ! FOLLOWING COMMANDS REFER TO POURABLE JOINT SEAL 
   CONDITION,#=1 
   !CJS,QTY,CONDITION (GOOD/POOR), RECOMENDATION(N=DO  
   !NOTHING/CR=CLEAN J.& REPLACE) 
   CJS,QTY=13,CON=GOOD,REC=N 
   CONDITION,#=3 
   CJS,QTY=13,CON=POOR,REC=CR 
   ! /END 
 
 As seen from the above BRAILE file, inspection commands record the state of the 
bridge including the different deficiencies observed on the bridge deck. These commands 
indicate the type of deficiency and details such as their size, location and severity.  
Location is mostly reported in terms of span, bay and sometimes panel.   
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For example, the line  
SPALL, SPA=4, BAY=2, PAN=3, BEN=1, X=7.8, Y=7.8, Z=0.4, EST=NO   
Indicates that there is spall in Span 4, Bay 2 and Panel 3 of size 7.8 in. x 7.8 in. x 0.4 in. 
and no exposed steel. Refer to Appendices C and D for the syntax and description of 
BRAILE commands.   
 It is worthy to note that most of the data entered have numerical values (such as 
the spall size) to assist in obtaining quantifiable results.  Dimensions of all the parameters 
including spalls, delamination, patch etc. are recorded in inches.  
 Some important file conventions used for BRAILE are: 
(1) Commands are case insensitive, i.e., they can be both upper and lower case. 
(2) All command parameters are not mandatory.  For example, its is not necessary to 
provide spall size if the information is not provided in the report. 
(3) Command parameters do not have to be listed in any specific sequence.  For 
example, the parameter SPA in the above example can be placed after EST=NO. 
(4) As far as possible, the symbols used are intuitive.  For example, SPA= Span, 
FREPAIR=failing repair etc. 
(5) The value for each parameter is always preceded by the “=” sign.  
(6) All the parameters are separated by commas.   
(7) Comments are always preceded by exclamation mark “!”.    
 BRAILE data can be thought to be structured into five levels.  These are 
described in Table 3.1.  Levels indicate the association between the data.  For example, 
the lowest level data (level 5) are command parameters (such as SPA), which are related 
to level 4 commands (such as SPALL).  In the previous case, the level 5 command SPA 
indicates the span locating the deficiency noted in the level 4 command SPALL.  The 
SPALL is in turn related to the level 3 command, such as /NI-DECKTOP, indicating that 
the spall occurs on the top of the deck.  Level 3 commands are associated to level 2 
command, which indicate the inspection date when the deficiency was recorded.  Finally, 
level 2 commands are related to level 1 command, which indicates the bridge number that 
was inspected.  The different levels represent progressive details of the inspection report, 
starting from the bridge number and inspection date and leading details of deficiencies on 
specific parts of the bridge.  
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Table 3.1: Comments on BRAILE Levels 
Levels  Comments 
1 Identifies the bridge number and remains same throughout the file. 
Written only once in a file 
2 Identifies inspection date in the form mm/dd/yyyy. Several dates may 
be included in a single file.   
3 Identifies the bridge component for which the deficiencies are recorded 
(e.g. deck top, deck bottom). 
4 Identifies the deficiencies observed on the deck top or deck bottom 
(e.g. cracks, spalls, delaminations etc.). 
5 Identifies details of the deficiencies, such as the span where it occurs or 
the size. 
 
 
3.3 PANEL 
 The information entered using BRAILE is processed using computer software 
called PANEL.  It was developed using Visual Basic for Application feature of Microsoft 
Excel. Broadly speaking, the software is similar to a database software since it basically 
retrieves desired information from data stored in BRAILE files.   
 
3.3.1 Outline of Data Processing Procedure  
3.3.1.1 Selection of Data Files 
  Prior to retrieving any information from BRAILE files, the user must select the 
data files to search.  In this study, the BRAILE files were divided into three groups, one 
each for District 1, District 7 and Crosstown bridges.  Figure 3.4 shows the part of the 
software that enables the selection of the data set to process. 
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Figure 3.4: Selection of Data Set in PANEL 
 
3.3.1.2 Updating Data 
 The spreadsheet has tabs with bridges from District 1, District 7 and Crosstown.  
The data from these can be updated by clicking the “Update Data” button (see Figure 
3.5).  This causes the program to display the “Search” tab (Figure 3.6) and conduct a 
series of searches to update the data in appropriate sheet as discussed below. 
 
 
Figure 3.5: Spreadsheet for District 7 
 
3.3.1.3 Data Processing 
 The “Search” tab enables the user to find desired information from stored 
BRAILE files.  This is accomplished by specifying the different levels of commands to 
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look for.  For example, if one needs to determine the bridge numbers of from the files 
being processed, all that needs to be done is to search for data with level 1 command of 
“BRIDGE”.  This would cause PANEL to return the data lines containing the command 
BRIDGE along with the parameter specifying the bridge number.  Other examples of 
search can be seen in Figure 3.6. 
 When instructed to “Update Data”, the program performs a series of searches to 
return the number of deficiencies of different types, including failed repairs, existing 
repairs, spalls, bottom transverse cracks with efflorescence, bottom transverse cracks, 
bottom longitudinal cracks, top transverse cracks and top longitudinal cracks. The 
number of deficiencies obtained is for the entire bridge and not for each span. In addition, 
the number of inspections performed is also determined.  This information is then 
recorded in the proper worksheet (District 1, District 7 or Crosstown) (see Figure 3.7). 
The “Search” feature also has several other capabilities, such as for identifying all 
the bridges with a particular deficiency and obtaining deficiencies for a particular range 
of dates. Where applicable, such as in case of spall sizes, maximum, minimum and 
average values of deficiencies are also returned.  
 
3.3.1.4 PANEL Output 
 As stated earlier, the data collected by the automated searches is stored in proper 
worksheet (see Figure 3.7).  The data is stored in tabular format where rows correspond 
to the bridge number and the columns contain the number of specific deficiency.  
 
3.4 Advantages of Prioritization Software 
(1) Since BRAILE file structures mirror inspection report formats, it is relatively easy 
to verify the data during quality control checks. 
(2) Data from the old and the new inspection reports are processed uniformly.   
(3) Bridge inspection data can be easily updated. 
(4) Rapid data processing speed compared to manual review methods.   
(5) Relatively easy to use. 
(6) Integrated with Microsoft Excel to enable easy further processing. 
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Figure 3.7: PANEL Output 
  
3.5 Limitations of Prioritization Software 
(1) A very good knowledge of BRAILE is required to use advanced search features. 
(2) Possibility of error while translating inspection report information into BRAILE 
data.  However, this can be minimized through a thorough quality control check. 
(3) The default output obtained is for the whole bridge and not span wise.  
 
3.6 Conclusion 
 BRAILE command language along with PANEL provides an effective tool for 
assisting in replacement prioritization of panel bridges by providing quantitative data 
about these bridges from inspection reports.  Although inspection reports data is not 
always current due to the two-year period between inspections, they still provide accurate 
and relevant information about these bridges that can be used to assess their true 
condition. 
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Chapter 4 
Statistical Analysis 
 
4.1 Introduction  
 Deficiencies and their causes found in the panel decks bridges were explained in 
Chapter 2. The computer program PANEL was used to extract relevant data from the 
inspection reports saved using BRAILE. PANEL generates output in the form of number 
of deficiencies (e.g. number of top spalls, number of failed repairs etc.) for each bridge. 
Additional data was collected from NBI database, review of design plans, and inspections 
reports for all the bridges.  These include the spans, average daily traffic (ADT), average 
daily truck traffic (ADTT), material properties and other factors that may affect the 
structural behavior of the deck.  This chapter presents results of analysis used to try and 
identify any relations that exist between parameters such as span length and the number 
of deficiencies observed on the bridge.  Such relations, if found, could be used to assist in 
prioritization by identifying bridge features (such as span length) that may lead to more 
deficiencies.  
 
4.2 Variables 
 Appendix A contains tables of bridge parameters such as ADT and span for all the 
bridges from District 1, District 7 and Crosstown. These were obtained from the NBI 
database, design plans and inspection reports.  The items of interest are listed below, with 
brief comments where deemed necessary. 
(1) Year Built  
(2) Lanes on the Structure  
(3) Average Daily Traffic (ADT) 
(4) Girder Type – Prestressed concrete, steel, steel continuous  
(5) Number of Spans in Main Unit  
(6) Length of Maximum Span  
  53  
(7) Structure length  
(8) Deck Width  
(9) Operating Ratings –Maximum permissible load vehicle type 
(10) Average Daily Truck Traffic 
(11) Future Average Daily Traffic – Projected traffic from 17 years to 22 years in the 
future. 
(12) Distance between Girders:  
(13) Deck Thickness - 7 in. or 7 ½ in. 
(14) Compressive Strength of CIP Concrete (f’c) - 3400 or 3750 psi 
 
4.3 Statistical Analysis 
 The existence of relationship between two variables, such as the number of 
deficiencies and bridge features (e.g. – span length, number of lanes etc.) can be 
estimated mathematically by determining the coefficient of correlation between these 
variables [5].  Coefficient of correlation is useful to determine the strength of linear 
relationship between two variables.  However, it cannot be applied to data that is not 
sufficiently linear.  The applicability of correlation coefficient can be determined using 
the general association test [5].  Results from general association test performed to 
determine the extent of linear relationship between the number of deficiencies and other 
variables (such as ADT and span) showed that the data is not linear, therefore coefficient 
of correlation can not be used.  The lack of linearity is evident from the XY plots of 
variables (see Appendix E). 
 
4.4 Trend Study 
 Since coefficient of correlation could not be used to identify relationships 
between variable, plots of bridge parameters (such as ADT and span length) versus 
number of deficiencies were used to visually determine the existence of any relations.  A 
few significant plots are discussed below.   
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4.4.1 Average Daily Traffic (ADT) vs. Deficiency  
 ADT is an important variable since it influences the fatigue behavior of the 
bridge.  Table 4.1 shows the averaged values of the deficiencies (Appendix B) for a 
particular range of ADT (Appendix A). 
Figures 4.1 to 4.3 do not reveal any clear trends between the ADT and occurrence 
of deficiencies.  The behavior seems to be quite random.  This is surprising since it would 
be reasonable to expect bridges with higher ADT to have somewhat higher number of 
deficiencies.  Although the sample size is quite small, this data indicates that other factors 
play far more significant role in causing the deficiencies than the ADT. 
 
Table 4.1: ADT and Averaged Deficiency  
ADT *%Truck 
ADT 
FR ER TS BE BTC BLC TTC TLC 
0-5000 7 0 4.64 3.55 3.82 13.73 1.09 13.18 13.18 
5000-10000 20 0 2.75 2.33 2.58 12.50 0.75 10.75 10.75 
10000-15000 9 0.86 6.86 11 0.29 72.57 1.71 39.14 39.14 
15000-20000 22 1.22 6.53 4.81 1.53 21.69 3.72 32.63 32.63 
20000-25000 24 2.21 7.13 23.67 1.63 72.88 2.04 52.63 52.63 
25000-30000 25 0.44 2.33 4.44 2.56 70 4.11 12.56 12.56 
30000-35000 30 0 6.29 12.14 0.71 4.43 3.29 14.00 14 
35000-40000 30 0.22 2.11 5.89 13.44 22 0.44 10.22 10.22 
40000-45000 27 0.29 5.71 3.71 0 9.86 0.57 9.71 9.71 
45000-50000 28 0.80 7.60 2.60 0 1 1.80 13 13 
*  %Truck ADT are averaged over the range of ADT. 
Note: (1) FR=Failed Repair, ER=Existing Repair, TS=Top Spalls, BE=Bottom Cracks with Efflorescence 
              BTC=Bottom Transverse Cracks, BLC=Bottom Longitudinal Cracks, TTC=Top Transverse      
             Cracks, TLC=Top Longitudinal Cracks 
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Figure 4.1: Plot of ADT vs. Deficiency (FR, ER, BE, BLC) 
 
 
Figure 4.2: Plot of ADT vs. Deficiency (TS, BTC, TTC) BLC) 
 
 
Figure 4.3: Plot of ADT vs. NBI Rating 
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4.4.2 Girder Type vs. Deficiency  
 Steel girders are generally employed in bridges with long spans.  Experience has 
shown that bridges with steel girder develop cracks quicker and in larger numbers than 
bridges with prestressed concrete girders.  Also, as stated in Chapter 1, Kansas DOT does 
not permit the use of steel girders for bridges with precast deck panels.  Figures 4.4 to 4.6 
show plots of deficiencies versus girder type.  It is clear from these figures that bridge 
decks with steel girders are performing poorly compared to prestressed concrete and steel 
continuous. With the exception of bottom cracks with efflorescence, all other deficiencies 
occur in larger numbers in bridges with steel girders.  Steel girders have lower moment of 
inertia and are more flexible than prestressed concrete.  The resulting flexible support for 
the panels is most likely responsible for severe cracking found on these bridges. The 
differential movement between the two edges of the panel causes the deck to develop 
transverse reflective cracks. Steel continuous girders are performing satisfactorily, most 
likely due to the lower moments resulting due to the continuity of the spans. 
 
Table 4.2: Girder Type and Averaged Deficiency 
Girder 
Type 
FR ER TS BE. BTC BLC TTC TLC 
PC 0.65 5.35 4.51 2.49 24.06 2.20 23.08 23.08 
Steel 2.83 8.00 47.58 1.67 82.58 3.67 67.92 67.92 
SC 0.83 3.33 4.67 4.08 17.25 1.33 13.50 13.50 
       PC- Prestressed Concrete, SC-Steel Continuous 
 
 
Figure 4.4: Plot of Girder Type vs. Deficiency (FR, ER, BE, BLC) 
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Figure 4.5: Plot of Girder Type vs. Deficiency (TS, BTC, TTC) 
 
 
Figure 4.6: Plot of Girder Type vs. NBI Rating 
 
4.4.3 Distance between Girders vs. Deficiency  
 Bending in transverse direction depends on distance between the girders. It is 
generally observed that more transverse cracking occurs as distance between the girders 
increases. Table 4.3 shows the averaged values for deficiencies (Appendix B) as well as 
the sample size.   
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Table 4.3: Distance between Girders and Averaged Deficiency 
Distance 
between 
Girders 
Sample 
Size 
FR ER TS BE BTC BLC TTC TLC 
5.25 1 0.00 1.00 3.00 0.00 6.00 0.00 5.00 5.00 
5.28 3 0.00 5.67 0.00 4.67 8.00 1.00 13.33 13.33 
6.2 2 0.00 4.50 0.00 0.00 5.00 1.50 16.00 16.00 
6.5 2 0.00 22.00 0.00 0.00 23.00 0.00 47.00 47.00 
6.53 1 1.00 8.00 15.00 0.00 2.00 1.00 5.00 5.00 
7 1 0.00 1.00 2.00 0.00 1.00 0.00 1.00 1.00 
7.5 2 0.00 3.00 3.67 0.00 25.33 1.33 6.67 6.67 
8 5 0.00 2.00 0.60 1.20 21.40 0.60 13.20 13.20 
8.1 1 0.00 1.00 1.00 1.00 9.00 0.00 9.00 9.00 
8.17 1 0.00 0.00 18.00 0.00 50.00 0.00 16.00 16.00 
8.25 10 1.00 7.10 8.70 0.50 33.20 1.30 65.20 65.20 
8.5 2 0.00 5.00 2.00 0.00 24.00 1.50 26.50 26.50 
8.6 1 0.00 3.00 0.00 6.00 11.00 0.00 11.00 11.00 
8.71 5 0.20 6.80 2.20 0.00 10.20 1.40 16.40 16.40 
8.83 8 0.25 1.88 4.00 5.38 12.88 1.25 11.38 11.38 
9 11 2.64 6.36 46.82 1.36 137.64 2.00 89.18 89.18 
9.12 1 0.00 5.00 4.00 0.00 2.00 12.00 21.00 21.00 
9.21 1 0.00 5.00 1.00 0.00 7.00 0.00 1.00 1.00 
9.25 26 1.96 7.92 6.23 3.81 20.35 4.69 13.96 13.96 
 
 
Figure 4.7: Plot of Distance between Girders vs. Deficiency (FR, ER, BE, BLC) 
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Figure 4.8: Plot of Distance between Girders vs. Deficiency (TS, BTC, TTC) 
 
 
Figure 4.9: Plot of Distance between Girders vs. NBI Rating 
 
 Figures 4.7 and 4.8 indicate a large amount of scatter, but it is seen that many 
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4.4.4 Length of Span vs. Deficiency  
 The span length of the bridge is a likely variable that influences its behavior.  To 
determine the influence of the span length on observed deficiencies only single span and 
2 span bridges are considered. This is because individual span lengths of multi-span 
bridges were not available in the NBI database but only the maximum span length.   
Table 4.4 shows the averaged values of deficiencies (see Appendix B).  Sample 
size for single span bridge (3) is not sufficient to draw any conclusions. Therefore two 
span bridges are considered for obtaining the trends.  
 
Table 4.4: Length of Span and Averaged Deficiency 
No. of 
span 
Length 
of  
Span 
FR ER TS BE BTC BLC TTC TLC 
1 154.86 8 0 94 0 88 16 232 232 
1 137.14 1 13 33 0 35 1 30 30 
1 137.14 0 11 9 0 25 4 72 72 
2 33.20 0 0 0 0 4 1 11 11 
2 33.20 0 9 0 0 6 2 21 21 
2 39.90 0 1 0 0 1 0 7 7 
2 39.90 0 0 3 5 20 0 10 10 
2 41.50 0 10 6 5 8 0 9 9 
2 53.00 0 0 0 10 12 7 13 13 
2 32.90 0 0 0 10 12 0 9 9 
2 32.90 0 0 0 2 8 0 18 18 
2 167.98 0 9 0 1 12 2 15 15 
2 86.94 0 3 0 6 11 0 11 11 
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Figure 4.10: Plot of Length of Span vs. Deficiency (FR, ER, BE, BLC) for Single 
Span 
 
 
Figure 4.11: Plot of Length of Span vs. Deficiency (TS, BTC, TTC) for Single Span 
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Figure 4.12: Plot of Length of Span vs. Deficiency (FR, ER, BE, BLC) for 2 Span 
 
1 Span Bridge
(Number of samples=3)
0
5
10
15
20
130 140 150 160
Length of Span
D
ef
ic
ie
n
cy
Failed Repairs
Existing Repairs
Bot.Cracks with Effl.
Bot.Long.Cracks
(ft) 
1 Span Bridge
(Number of samples=3)
0
50
100
150
200
250
130 140 150 160
Length of Span
D
ef
ic
ie
n
cy
Top Spalls
Bot. Trans.Cracks
Top Trans.Cracks
(ft) 
(ft) 
  62  
 
Figure 4.13: Plot of Length of Span vs. Deficiency (TS, BTC, TTC) for 2 Span 
 
 For single span bridges (Figure 4.10 and 4.11) most deficiencies increase in 
number as the span length increases.  However, as stated earlier, the sample size is too 
small to draw any valid conclusions.  Plots of two-span bridges (Figures 4.12 and 4.13) 
reveal considerable scatter and no clear trends are apparent from the data.   
 
4.5 Conclusion from Trend Study 
 Plots of bridge variables (such as span) versus deficiencies are shown in 
Appendix E.  With the exception of girder type, most graphs have too much scatter and 
do not reveal any clear trends.  The only clear conclusion from the data is that steel 
girders perform poorly when compared to prestressed concrete girder or steel continuous 
girders.  Although not completely clear, the data indicates that the number of deficiencies 
increases as the distance between the girders increase. 
2 Span Bridge
(Number of samples=10)
0
5
10
15
20
25
30 60 90 120 150
Length of Span
D
ef
ic
ie
n
cy
Top Spalls
Bot. Trans.Cracks
Top Trans.Cracks
(ft) 
  63  
Chapter 5 
Replacement Prioritization of Panel Deck Bridges 
 
5.1 Introduction 
  Replacement prioritization of panel deck bridges is based on quantifying the 
number of deficiencies on individual bridges.  Weight are assigned to individual 
deficiency types to reflect their relative proximity to punching shear failure as discussed 
in the working model of progressive failure in Chapter 2.  For example, failing repairs 
occur prior to punching shear failures, and therefore are assigned significantly higher 
weights than longitudinal cracks on deck top, which are widespread and occur much 
earlier.  Replacement priorities are presented for bridges from District 1, District 7 and 
Crosstown.   
 
5.2 FDOT’s Replacement Criteria [30] 
 Prior to the current project, FDOT utilized its own criteria for prioritizing the 
replacement of panel bridges. Initially, bridges with severe underside deficiencies, such 
as transverse cracks with and without efflorescence were given a high priority to be 
replaced. Bridges with only deck top deficiencies were given a lower priority.  Over time, 
bridges with significant were also scheduled for replacement.  Currently, bridges with 
numerous repairs and spalls are being replaced.  In most cases, economic factors dictate 
the replacement schedule.  For example, in many instances panel bridges where the 
contractor has mobilized construction equipment and manpower for bridge widening 
have been replaced.   
 
5.3 Prioritization Method 
 From the working model of progressive failure presented in Chapter 2, it is 
evident that certain types of deficiencies are more critical than others.  For example, large 
spalls or failing repairs indicate severe distress while longitudinal cracks routinely found 
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on such bridges, and do not signal significant risks.  As a result, it is reasonable to replace 
bridges with deficiencies that closer to eventual failure.  To compare the condition of 
several bridges, it is essential to develop a metric that quantitatively provides an 
indication of the state of the bridge.  This is achieved here by using deficiency index, 
which is essentially a sum of the product of deficiency weight and the corresponding 
number of deficiencies.  Deficiencies such as failing repairs and spalls which occur 
immediately prior to eventual punching shear failure (see Section 2.5), are assigned larger 
weights than those occurring at initial stages of deterioration (such as cracks). 
 The procedure to obtain the deficiency index is illustrated below.  Table 5.1 lists 
the number of deficiencies and weights for each type of deficiency for two bridges.  Note 
that the weights assigned to failing repairs and spalls are significantly higher than those 
assigned to cracks. 
 
Table 5.1: Determination of Deficiency Index (DI) 
 W=10 W=3 W=2 W=1 W=0.1 W=0.01 W=0.01 W=0.005    
Bridge  
# 
FR ER TS BE BTC BLC TTC TLC # of  
Insp. 
DI Rank 
10064 0 8 0 2 15 3 23 23 12 2.32 1 
10065 0 0 0 10 12 7 13 13 13 0.88 2 
  
For Bridge No. 10064 
sInspectionofNumber
) TLC* W TTC* W BLC* W BTC* W BE* W TS* W ER* W FR*(WDI +++++++=  
32.2
12
23)*0.005  23*0.01  3*0.01  15 *0.1  2*1  0*2 8*3  0*(10DI =+++++++=  
For Bridge No. 10065 
88.0
13
13)*0.005  13*0.01  7*0.01  15 *0.1  10*1  0*2 0*3  0*(10DI =+++++++=  
 
 In the above example, bridge 10064 has a higher deficiency index, and therefore 
must be replaced before bridge 10065.  Note that the index is average over the number of 
inspections. 
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5.4 Prioritization of Bridges for Crosstown 
 There are 18 bridges in Crosstown. Various relative magnitudes of weights were 
used to study their effect on the prioritization.  The final weights used were selected 
based on good agreement with recently observed failures.   
 
Table 5.2: Combination for Prioritization 
# Combination 
1 100(FR)+3(ER)+2(TS)+0.1(BE)+0.1(BTC)+0.1(BLC)+0.01(TTC)+0.01(TLC) 
       Note: (1) FR=Failed Repair, ER=Existing Repair, TS=Top Spalls, BE=Bottom Cracks with            
      Efflorescence, BTC=Bottom Transverse Cracks, BLC=Bottom Longitudinal Cracks, TTC=Top      
     Transverse Cracks, TLC=Top Longitudinal Cracks 
 
Table 5.3 shows the priority list for 17 bridges for different combinations. The number of 
deficiencies obtained for each bridge is listed in Appendix B. 
 
Table 5.3: Priority List for Crosstown 
Bridge # Current Rank FDOT Priority 
100332 1 1 
100333 3 5 
100443 2 2 
100445 17 14 
100446 16 11 
100447 6 4 
100448 4 7 
100449 8 15 
100450 12 13 
100451 5 16 
100452 13 7 
100453 7 17 
100454 10 18 
100455 11 3 
100456 15 8 
100457 9 6 
100458 14 10 
 
 PANEL indicated Bridge # 100332 as the top most priority. There were two 
failures [Table 1.2] on this bridge so it is FDOT’s top replacement priority. Forensic 
study records have indicated that these had large spalls and failing repairs, which is same 
as that of inspection reports. This bridge is in severely distressed condition. Bridge 
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#100443 is second on the list of PANEL. FDOT also has it next on the priority list (Table 
5.3) as it has numerous spalls and few failing repairs as indicated by inspection reports. 
 
5.5 Prioritization of Bridges for District 1  
 There are total 74 bridges under the jurisdiction of FDOT’s District 1.  Same 
weights as in combination #1 of Table 5.2 are assigned to the deficiencies. Table 5.4  
shows the priority list. 
 
Table 5.4: Priority List for District 1 
Bridge No. Current Rank FDOT Priority 
10057 2 Replaced 
10058 1 Replaced 
10059 55 High (Replaced) 
10060 26 High (Replaced) 
10064 44 Low 
10065 51 Low 
10066 49 Low 
10067 60  
10068 57  
10069 5  
10070 6  
10071 59 High (Replaced) 
10072 21 High (Replaced) 
10073 4  
10074 17  
10075 64 Low 
10076 36 5 (To Be Replaced) 
10077 12 5 (To Be Replaced) 
10080 7 Replaced 
10081 3 Replaced 
10082 11  
10083 34  
10090 65  
10091 69  
30187 73 17 
30188 62 17 
120085 32  
120086 45  
120088 52  
120093 8 High- (replaced) 
120094 10 High- (replaced) 
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Table 5.4: Priority List for District 1 (contd….) 
Bridge No. Current Rank FDOT Priority 
   
120114 30 Low 
120126 58 8 
120127 53 8 
130075 35 11 (To Be Replaced) 
130076 29 11 (To Be Replaced) 
130078 18 10 (Replaced) 
130079 14 10 (Replaced) 
130084 66 16 (To Be Replaced) 
130085 68 16 (To Be Replaced) 
130089 37 Low 
130090 31 Low 
130107 27 Low 
170079 25 3 
170080 22 3 
170081 42 7 
170082 28 7 
170083 43 12 
170084 48 12 
170085 50  
170086 54  
170087 9 1 (To Be Replaced) 
170088 13 1 (To Be Replaced) 
170089 72 13 
170090 41 13 
170091 71 14 
170092 40 14 
170093 67 9 
170094 61 9 
170095 39 2 
170096 46 2 
170099 24  
170100 70  
170127 56 6 (To Be Replaced) 
170128 23 6 (To Be Replaced) 
170129 19 High (Replaced) 
170130 47 High (Replaced) 
170131 38 4 (Replaced) 
170132 20 4 (Replaced) 
170139 15  
170140 63 15 (Replaced) 
170145 33  
170146 16  
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PANEL was able to identify the three severely distressed bridges (10057, 10058 and 
10081) that are replaced by FDOT (Table 5.4).  Bridge # 170085, 170086 and 170146 
which had failure are 54, 55 and 16 on the priority list.  Forensic study records have 
indicated that these had large spalls and failing repairs.  However, as seen from Appendix 
B, the inspection records for these bridges do not report these.  This is most likely due to 
the fact that the inspections are performed every two years, and these deficiencies 
developed significantly after the last bi-annual inspection. 
  
5.6 Prioritization of Bridges for District 7 
 There are a total 35 bridges under the jurisdiction of FDOT’s District 7. Table 5.5 
shows the priority list for bridges in District 7. Weights assigned are same as combination 
#1 in Table 5.2.                                  
Table 5.5: Priority List for District 7 
Bridge No. Current Rank FDOT Priority 
100049 27 30 
100080 30 31 
100081 32 32 
100338 2 34 
100339 19 33 
100346 18 13 
100347 25 14 
100351 26 2 
100356 17 18 
100357 12 19 
100358 11 20 
100359 21 22 
100363 29 17 
100364 20 21 
100377 15 1 
100397 3 4 
100398 8 5 
100399 24 35 
100415 22 8 
100416 1 3 
100417 35 11 
100424 28 16 
100435 34 9 
100436 4 7 
100468 6 6 
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Table 5.5: Priority List for District 7 (contd….) 
Bridge No. Current Rank FDOT Priority 
100469 10 10 
100470 33 12 
100471 13 15 
150121 14 24 
150122 9 23 
150145 16 25 
150146 23 26 
150168 7 27 
150169 5 28 
150170 31 29 
 
5.7 Summary 
  Based on the working model of progressive failure, failing repairs were assigned 
the maximum weight. PANEL was able to identify the most severely distressed bridges 
for Crosstown and District 1. The priority list obtained from PANEL was somewhat 
similar to FDOT priority number for few bridges but was not exactly the same.  One 
reason for this is the lack of recent inspection data due to the two year interval between 
inspections.  In addition, FDOT priority is based on additional factors such as bridge 
widening contracts.
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Chapter 6 
Summary, Conclusion and Future Work 
 
6.1 Summary 
 The goal of this study was to prioritize the replacement of 127 panel deck bridges 
in Districts 1 and 7 of FDOT based on residual life and practical considerations so that 
the allocated funds are utilized in an efficient manner. The prioritization was not an easy 
task and posed many challenges. The main difficulty in prioritization arises because of 
the inability to accurately predict the behavior of precast panel deck bridges.  For 
example, bridges in Lee Roy Selmon Crosstown Expressway in Tampa, although 
subjected to similar traffic loads display quite different behavior, with some being in 
good condition while others displaying severe cracking and spalling. A large numbers of 
variables, such as ADT, ADTT, posted speed, age, concrete strength, span length and 
panel dimensions can influence the behavior of such type of bridges. The relation 
between the variables is complex. Also the failure is complex and progressive in nature. 
Keeping in mind above challenges a number of solutions were explored to prioritize the 
bridges.  
 Finite Element analysis using 2D plain strain element and 3D solid element 
concluded that cracking was mainly due to shrinkage and creep and other parameters 
played a secondary role. Shrinkage and creep loads are very sensitive to time. This was 
identified as the cause of irregularity in performance of these bridges. Although useful in 
improving understanding, the analysis had limitations due to inability to determine the 
actual state of the bridge. Another solution was to use Ground Penetrating Radar (GPR) 
to identify anomalies in the bridge decks but it was concluded that the results were 
typically inconclusive, expensive and time consuming. An alternative to GPR using high 
speed camera was also explored. Pilot study using high speed camera revealed difficulties 
due to bad hardware, expensive and several technical problems. 
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 Since solutions explored had several limitations, it was decided to prioritize the 
bridges based on factual information available with FDOT in the form of biannual 
inspection reports for the past 20+ years. Inspection reports were the only means 
available to represent the true state of the bridge, though this had some limitation such as 
inconsistency in presenting the information, level of details. This provided a solution.  
 The limitations were overcome by developing a command language called Bridge 
Annual Inspection Report Language (BRAILE) to translate inspection report information 
to a form that can be processed using a computer. The information entered using 
BRAILE was processed using computer software called PANEL developed using Visual 
Basic and run under Microsoft Excel. The software is similar to database in the sense that 
it finds required information from all the BRAILE source files. For example, it can be 
used to find bridges with failing repairs. The output generated is in the form of number of 
deficiencies for each bridge.  
 Statistical analysis was performed using the data collected from NBI database, 
design plans and inspections reports. The possibility of identifying correlations were 
explored using correlation coefficient, scatter plots and general association test.  
 Prioritization was carried out by assigning weights to the deficiencies. arrive at 
priority list. Weights were assigned based on the working model of progressive failure. 
Failing repairs were given the highest priority being the main cause in 4 out of 5 
punching failures that occurred [16].  
 
6.2 Conclusions 
 Though the prioritization was a difficult task it was carried out successfully with 
the help of user friendly software developed named PANEL which processed the 
BRAILE data. Using BRAILE, consistent format was used to represent information from 
old and new inspection formats. The methodology used is objective and quantitative
 Statistical analysis indicated no clear trends relating most parameters and 
deficiencies. Girder type and girder distance were two parameters that showed trends and 
can be explained using structural methods which were structurally justified. The bridges 
replaced by FDOT and the deck condition rating indicated by NBI validated the results 
obtained from PANEL thus proving its utility. 
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 Assigning weights to the deficiency based on practical engineering finding proved 
to be an effective solution in setting up the priority list. The results were compared with 
FDOT’s priority list and were somewhat similar. PANEL was able to identify high risk 
bridges and was reliable than one based solely on National Bridge Inventory condition 
rating. Using the approach complex task of bridge replacement scheme was carried out 
successfully, effectively and objectively. 
  
6.3 Future Work 
 At present software is developed using Visual Basic Language and run under 
Microsoft Excel. Stand alone version like any other software can be developed and 
providing a Graphical User Interface. The new version may incorporate the trend study 
which at present is carried out manually, the statistical analysis consisting of correlation 
coefficients and regression analysis which can give the best fit to the output obtained.  
 An investigation needs to be carried out focused on improving the inspection 
commands and make them to fit as perfectly as possible and fulfill everything that needs 
to be expressed about all the deficiencies. The will help to reduce the number of 
commands and the standard formats generated will be easy to interpret and fill in the 
appropriate information effectively. 
 There are some important information e.g. the cracks are occasional that were 
written in the inspection commands in the form of comment. There should be some way 
developed to make use of these comments which may prove useful in deciding the 
deteriorating or stable condition of the deck.  
 Guidelines should be created for inspectors to enter the information in a standard  
format so all the inconsistency in the previous inspection reports is removed. The ideal  
condition would be inspection carried out directly written into BRAILE format and data  
processed using PANEL.  The software can be made available on a Personal Digital 
Assistant and the results can be obtained immediately that can be the condition indicators. 
Incorporate data from frequent inspections (based on District 1 results). 
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Appendix A: Inventory of Prestressed Precast Panel Deck Bridges  
Table A.1: Inventory in District 1, District 7 and Crosstown 
Structure 
ID# 
District Facility Carried 
 by  
Structure 
Features  
Intersected 
Bypass  
Detour  
Length (mi) 
Year 
Built 
Lanes  
on  
the 
Structure 
10057 1 I-75/SR-93 Peace River 1 1980 2 
10058 1 I-75/SR-93 Peace River 1 1980 2 
10059 1 I-75 (SB) Co. Rd. 776 1 1980 2 
10060 1 I-75 NB Co. Rd. 776 0 1980 2 
10064 1 Oil Well Road I-75/SR93 2 1980 2 
10065 1 Airport Road I-75 /SR-93 5 1981 2 
10066 1 CR-768 Interstate-75 3 1981 2 
10067 1 US-17/SR-35 Florida Street 1 1981 3 
10068 1 US-17/SR-35 Florida Street 1 1981 3 
10069 1 I-75/SR-93 SB Alligator CReek 1 1981 3 
10070 1 I-75/SR-93 NB Alligator CReek 1 1981 2 
10071 1 I-75 / SR-93 SB Kings Highway 0 1980 2 
10072 1 I-75 / SR-93 NB Kings Highway 0 1980 2 
10073 1 I-75/SR-93 SB Jones Loop Road 0 1981 2 
10074 1 I-75/SR-93 Jones Loop Road 0 1981 2 
10075 1 Carmalite Street I-75 / SR-93 3 1981 2 
10076 1 I-75 SB US-17 / SR-35 1 1981 3 
10077 1 I-75 NB US-17 / SR-35 1 1981 3 
10080 1 I-75 Riverside Dr & CSX R/R 1 1981 2 
10081 1 I-75 Riverside Dr & CSX R/R 1 1981 3 
10082 1 I-75/SR93 SB Old Tucker Grade 0 1979 2 
10083 1 I-75/SR-93 NB Old Tucker Grade 0 1979 2 
10090 1 US-17-SR-35 Lavilla St & R/R 1 1981 3 
10091 1 US-17-SR-35 Lavilla St & R/R 1 1981 3 
30187 1 I-75/SR-93 CR-846 1 1980 2 
30188 1 I-75/SR-93 CR-846 1 1980 2 
120085 1 US-41/SR-45 Imperial River 1 1976 2 
120086 1 US-41/SR-45 Imperial River 1 1976 2 
120088 1 SR-865 Matanzas Pass 28 1980 2 
120093 1 I-75/SR-93 State Road 80 0 1978 2 
120094 1 I-75/SR-93 SR-80 0 1978 2 
120114 1 Slater Road I-75/SR-93 3 1979 2 
120126 1 I-75/SR-93 (SB) Alico Road/Canal 1 1979 3 
120127 1 I-75/SR-93 (NB) Alico Road/Canal 1 1979 3 
130075 1 I-75/SR-93 CSX Railroad 1 1981 3 
130076 1 I-75/SR-93 CSX Railroad 1 1981 3 
130078 1 I-75 CR 683 0 1981 3 
130079 1 I-75 CR-683 0 1981 4 
130084 1 I-75 SB (SR 93) SR 64 1 1981 4 
130085 1 I-75 NB SR 64 1 1981 4 
130089 1 Erie Road I-75 8 1981 2 
130090 1 I-275 NB I-75 3 1981 2 
130107 1 Mendoza Road I-75 10 1981 2 
130112 1 I-275SB RTO I-75NB I-75 And I-275 Ramps 10 1981 1 
170079 1 I-75 Main  A  Canal 1 1979 3 
170080 1 I-75 Main  A  Canal 1 1979 3 
170081 1 I-75 Palmer Blvd 1 1979 3 
170082 1 I-75 Palmer Blvd 1 1979 3 
170083 1 I-75 SB SR-780/Fruitville Road 1 1979 4 
170084 1 I-75 NB SR-780/Fruitville Road 1 1979 4 
170085 1 I-75/SR-93 SR-72 1 1980 3 
170086 1 I-75/SR-93 SR-72 1 1980 3 
170087 1 I-75 NB Myakka River Relief 1 1979 2 
170088 1 I-75 SB Myakka River Relief 1 1979 2 
170089 1 I-75/SR-93 River Road/CR 777 1 1979 2 
170090 1 I-75/SR-93 River Road/SR 777 1 1979 2 
170091 1 I-75/SR-93 (SB) Jackson Road 1 1979 2 
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Table A.1 Continued 
Structure 
ID# 
District Facility Carried 
 by  
Structure 
Features  
Intersected 
Bypass  
Detour  
Length (mi) 
Year 
Built 
Lanes  
on  
the 
Structure 
170092 1 I-75/SR-93 (NB) Jackson Road 1 1979 2 
170093 1 I-75/SR-93 (SB) Havana Road 1 1979 2 
170094 1 I-75/SR-93 (NB) Havana Road 1 1979 2 
170095 1 I-75/SR-93 (NB) Jacaranda Blvd 0 1979 3 
170096 1 I-75/SR-93 SB Jacaranda Blvd 0 1979 2 
170099 1 SR-681 SB CSX RR 1 1981 2 
170100 1 SR-681 NB CSX RR 1 1981 2 
170127 1 I-75 SB Myakka River 1 1979 2 
170128 1 I-75 NB Myakka River 1 1979 2 
170129 1 I-75 SB Sumter Boulevard 1 1981 2 
170130 1 I-75 NB Sumter Boulevard 1 1981 2 
170131 1 I-75 SB Big Slough Canal 1 1981 2 
170132 1 I-75 NB Big Slough Canal 1 1981 2 
170139 1 I-75 SB Toledo Blade Boulevard 1 1981 2 
170140 1 I-75 NB Toledo Blade Boulevard 1 1981 2 
170145 1 I-75/SR-93 Bee Ridge Road 1 1981 3 
170146 1 I-75/SR-93 Bee Ridge Road 1 1981 4 
100049 7 US-41/SR-45 Palm River 8.06 1968 4 
100080 7 SR 60 WB Tampa Bypass Canal 0.62 1970 2 
100081 7 SR 60 EB Tampa Bypass Canal 0.62 1970 2 
100338 7 BUS-41/22ND ST Mackay Bay 0.62 1976 2 
100339 7 US 301 / SR 43 Tampa Bypass Canal 1.86 1978 2 
100346 7 I-75 SB SR-674 0.62 1982 3 
100347 7 I-75 NB SR-674 0.62 1982 4 
100351 7 Valroy Road I-75/SR-93 8.06 1981 2 
100356 7 I-75 SB Riverview Drive 0.62 1981 4 
100357 7 I-75 NB Riverview Drive 0.62 1981 4 
100358 7 I-75 SB Alafia River 0.62 1981 4 
100359 7 I-75 NB Alafia River 0.62 1981 4 
100363 7 I-75 SB CR-672 0.62 1981 4 
100364 7 I-75 NB CR-672 0.62 1981 4 
100377 7 Gibsonton Drive I-75/SR-93 3.1 1983 4 
100397 7 I-75 SB Sligh Ave & Ramp D-1 0.62 1984 3 
100398 7 I-75 NB Sligh Ave & Ramp D-1 0.62 1984 4 
100399 7 SR 582 WB (Fowler) Tampa Bypass Canal 0.62 1979 3 
100415 7 I-75 NB (SR 93A) US-92 (SR-600) 0.62 1983 3 
100416 7 I-75 SB (SR-93A) Ramp B-1 0.62 1983 4 
100417 7 I-75 NB (SR-93A) Ramp B-1 0.62 1983 3 
100424 7 RAMP B US 92 (SR 600) 1.86 1983 1 
100435 7 I-75 SB CR-574 And CSX RR 0.62 1983 3 
100436 7 I-75 NB CR-574 & CSX RR 0.62 1983 3 
100468 7 I-75 SB (SR-93A) Woodberry Road 0.62 1983 3 
100469 7 I-75 NB (SR-93A) Woodberry Road 0.62 1983 3 
100470 7 I-75 SB (SR 93A) CSX RR 0.62 1983 3 
100471 7 I-75 NB (SR-93A) CSX RR 0.62 1983 3 
150121 7 I-275 SB / SR-93 5th Ave S & 5th Ave N 0.62 1980 3 
150122 7 I-275 NB 5th Avenue North 0.62 1980 3 
150145 7 I-375 WB CR 689/8th&9th St & Ramp 0.62 1979 2 
150146 7 I-375 EB CR 689/8th&9th St & Ramp 0.62 1979 2 
150168 7 I-175 WB 6th Street South 0.62 1979 2 
150169 7 I-175 EB 6th Street South 0.62 1979 2 
150170 7 8TH Street South I-175/SR-594 1.86 1979 4 
100332 CT SR 618 EXWY & Ramp Hills R. & Downtown Tampa 0.62 1975 2 
100333 CT Crosstown Express Hills R & Downtown Tampa 0.62 1975 2 
100443 CT SR618/EXY & Ramp D SR585/22nd Street & R/R 0.62 1981 2 
100444 CT SR 618 XTWN EXWY SR 585 22nd St & R/R 0.62 1981 3 
100445 CT SR 618 XTWN EXWY 26th Street 0.62 1981 2 
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Table A.1 Continued 
Structure 
ID# 
District Facility Carried 
 by  
Structure 
Features  
Intersected 
Bypass  
Detour  
Length (mi) 
Year 
Built 
Lanes  
on  
the 
Structure 
100446 CT SR 618 XTWN EXWY 26th Street 0.62 1981 2 
100447 CT SR 618 XTWN EXWY R/R 0.62 1981 2 
100448 CT SR 618 XTWN EXWY R/R 0.62 1981 2 
100449 CT SR 618 XTWN EXWY 34th Street & Creek 0.62 1981 2 
100450 CT SR 618 XTWN EXWY 34th Street & Creek 0.62 1981 2 
100451 CT SR 618 XTWN EXWY 39th Street 0.62 1981 2 
100452 CT SR 618/XTWN EXWY 39th Street 0.62 1981 2 
100453 CT SR 618 XTWN EXWY 50th Street (US 41) 0.62 1981 2 
100454 CT SR 618 XTWN EXWY 50th Street (US 41) 0.62 1981 2 
100455 CT SR 618 XTWN EXWY CSX R/R 0.62 1981 2 
100456 CT SR 618 XTWN EXWY CSX R/R 0.62 1981 3 
100457 CT SR 618 XTWN EXWY Maydell Drive 0.62 1981 2 
100458 CT SR 618 XTWN EXWY Maydell Drive 0.62 1981 2 
 
Table A.1 Continued 
Structure 
ID# 
Lanes 
Under 
the 
Structure 
ADT Year of the 
ADT 
Design  
Load 
Kind of 
Material 
Type of design 
10057 0 22500 1998 MS 18+Mod / HS 20+Mod PC Stringer/Multi-beam or girder 
10058 0 22000 1998 MS 18+Mod / HS 20+Mod PC Stringer/Multi-beam or girder 
10059 4 22000 1998 MS 18+Mod / HS 20+Mod PC Stringer/Multi-beam or girder 
10060 4 22000 1998 MS 18+Mod / HS 20+Mod PC Stringer/Multi-beam or girder 
10064 4 720 2001 MS 18+Mod / HS 20+Mod SC Stringer/Multi-beam or girder 
10065 4 1200 1995 MS 18+Mod / HS 20+Mod SC Stringer/Multi-beam or girder 
10066 4 1200 1999 MS 18+Mod / HS 20+Mod SC Stringer/Multi-beam or girder 
10067 2 8400 1999 MS 18+Mod / HS 20+Mod PC Stringer/Multi-beam or girder 
10068 2 7700 1999 MS 18+Mod / HS 20+Mod PC Stringer/Multi-beam or girder 
10069 0 17000 1998 MS 18+Mod / HS 20+Mod SC Stringer/Multi-beam or girder 
10070 0 18000 1998 MS 18+Mod / HS 20+Mod SC Stringer/Multi-beam or girder 
10071 4 21000 1998 MS 18+Mod / HS 20+Mod PC Stringer/Multi-beam or girder 
10072 4 21000 1998 MS 18+Mod / HS 20+Mod PC Stringer/Multi-beam or girder 
10073 4 18000 1998 MS 18+Mod / HS 20+Mod Steel Stringer/Multi-beam or girder 
10074 4 16000 1998 MS 18+Mod / HS 20+Mod Steel Stringer/Multi-beam or girder 
10075 4 1250 1995 MS 18+Mod / HS 20+Mod SC Stringer/Multi-beam or girder 
10076 7 18000 1998 MS 18+Mod / HS 20+Mod PC Stringer/Multi-beam or girder 
10077 7 19500 1999 MS 18+Mod / HS 20+Mod PC Stringer/Multi-beam or girder 
10080 2 22000 2001 MS 18+Mod / HS 20+Mod PC Stringer/Multi-beam or girder 
10081 2 22000 1998 MS 18+Mod / HS 20+Mod PC Stringer/Multi-beam or girder 
10082 4 16500 1998 MS 18+Mod / HS 20+Mod Steel Stringer/Multi-beam or girder 
10083 4 16000 1998 MS 18+Mod / HS 20+Mod Steel Stringer/Multi-beam or girder 
10090 2 8400 1998 MS 18+Mod / HS 20+Mod PC Stringer/Multi-beam or girder 
10091 2 7900 1998 MS 18+Mod / HS 20+Mod PC Stringer/Multi-beam or girder 
30187 4 16500 1996 MS 18+Mod / HS 20+Mod PC Stringer/Multi-beam or girder 
30188 4 29000 1999 MS 18+Mod / HS 20+Mod PC Stringer/Multi-beam or girder 
120085 0 19500 1999 MS 18 / HS 20 PC Stringer/Multi-beam or girder 
120086 0 19500 1999 MS 18 / HS 21 PC Stringer/Multi-beam or girder 
120088 9 24500 2000 M 9 / H 10 PC Stringer/Multi-beam or girder 
120093 5 24500 2000 MS 18+Mod / HS 20+Mod Steel Stringer/Multi-beam or girder 
120094 6 27000 2000 MS 18+Mod / HS 20+Mod Steel Stringer/Multi-beam or girder 
120114 4 1440 2001 M 9 / H 10 SC Stringer/Multi-beam or girder 
120126 5 29500 1999 MS 18+Mod / HS 20+Mod PC Stringer/Multi-beam or girder 
120127 5 29500 1999 MS 18+Mod / HS 20+Mod PC Stringer/Multi-beam or girder 
130075 0 36500 1999 MS 18+Mod / HS 20+Mod PC Stringer/Multi-beam or girder 
130076 0 33500 1999 MS 18+Mod / HS 20+Mod PC Stringer/Multi-beam or girder 
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Table A.1 Continued 
Structure 
ID# 
Lanes 
Under 
the 
Structure 
ADT Year of the 
ADT 
Design  
Load 
Kind of 
Material 
Type of design 
130078 4 27000 1999 MS 18+Mod / HS 20+Mod PC Stringer/Multi-beam or girder 
130079 4 26500 1999 MS 18+Mod / HS 20+Mod PC Stringer/Multi-beam or girder 
130084 8 26500 2001 MS 18+Mod / HS 20+Mod PC Stringer/Multi-beam or girder 
130085 7 25000 2001 MS 18+Mod / HS 20+Mod PC Stringer/Multi-beam or girder 
130089 6 500 1999 M 9 / H 10 SC Stringer/Multi-beam or girder 
130090 6 8000 1999 M 9 / H 11 SC Stringer/Multi-beam or girder 
130107 6 1500 2001  MS 18 / HS 20 PC Stringer/Multi-beam or girder 
130112 10 26500 1999 MS 18+Mod / HS 20+Mod SC Stringer/Multi-beam or girder 
170079 0 36500 1999 MS 18+Mod / HS 20+Mod PC Stringer/Multi-beam or girder 
170080 0 40000 1999 MS 18+Mod / HS 20+Mod PC Stringer/Multi-beam or girder 
170081 3 40000 1998 MS 18+Mod / HS 20+Mod PC Stringer/Multi-beam or girder 
170082 3 39000 1998 MS 18+Mod / HS 20+Mod PC Stringer/Multi-beam or girder 
170083 6 44750 2003 MS 18+Mod / HS 20+Mod PC Stringer/Multi-beam or girder 
170084 6 44750 2003 MS 18+Mod / HS 20+Mod PC Stringer/Multi-beam or girder 
170085 8 36000 2001 MS 18+Mod / HS 20+Mod PC Stringer/Multi-beam or girder 
170086 8 36000 2001 MS 18+Mod / HS 20+Mod PC Stringer/Multi-beam or girder 
170087 0 19500 1999 MS 18+Mod / HS 20+Mod PC Stringer/Multi-beam or girder 
170088 0 18500 1999 MS 18+Mod / HS 20+Mod PC Stringer/Multi-beam or girder 
170089 4 18000 1999 MS 18+Mod / HS 20+Mod PC Stringer/Multi-beam or girder 
170090 4 19000 1999 MS 18+Mod / HS 20+Mod PC Stringer/Multi-beam or girder 
170091 2 21000 2000 MS 18+Mod / HS 20+Mod PC Stringer/Multi-beam or girder 
170092 2 23000 2000 MS 18+Mod / HS 20+Mod PC Stringer/Multi-beam or girder 
170093 2 21000 2000 MS 18+Mod / HS 20+Mod PC Stringer/Multi-beam or girder 
170094 2 23000 2000 MS 18+Mod / HS 20+Mod PC Stringer/Multi-beam or girder 
170095 5 28000 2000 MS 18+Mod / HS 20+Mod Steel Stringer/Multi-beam or girder 
170096 5 21000 1999 MS 18+Mod / HS 20+Mod Steel Stringer/Multi-beam or girder 
170099 0 4950 2000 MS 18 / HS 20 PC Stringer/Multi-beam or girder 
170100 0 4950 2000 MS 18 / HS 21 PC Stringer/Multi-beam or girder 
170127 0 18500 1999 MS 18+Mod / HS 20+Mod PC Stringer/Multi-beam or girder 
170128 0 19500 1999 MS 18+Mod / HS 20+Mod PC Stringer/Multi-beam or girder 
170129 4 16000 1996 MS 18+Mod / HS 20+Mod PC Stringer/Multi-beam or girder 
170130 4 15500 1996 MS 18+Mod / HS 20+Mod PC Stringer/Multi-beam or girder 
170131 0 16000 1996 MS 18+Mod / HS 20+Mod PC Stringer/Multi-beam or girder 
170132 0 15500 1996 MS 18+Mod / HS 20+Mod PC Stringer/Multi-beam or girder 
170139 4 18000 1999 MS 18+Mod / HS 20+Mod PC Stringer/Multi-beam or girder 
170140 4 19000 1999 MS 18+Mod / HS 20+Mod PC Stringer/Multi-beam or girder 
170145 6 40000 1998 MS 18+Mod / HS 20+Mod PC Stringer/Multi-beam or girder 
170146 6 39000 1998 MS 18+Mod / HS 20+Mod PC Stringer/Multi-beam or girder 
100049 0 21500 1999 MS 18/HS20 PC Stringer/Multi-beam  
100080 0 26349 1999 MS 18/HS20 PC Stringer/Multi-beam  
100081 0 17000 1999 MS 18/HS20 PC Stringer/Multi-beam  
100338 0 13000 1999 MS 18/HS20 PC Stringer/Multi-beam  
100339 0 11900 2001 MS 18/HS20 PC Stringer/Multi-beam  
100346 4 26000 1999 MS 18/HS20 PC Stringer/Multi-beam  
100347 4 24500 1999 MS 18/HS20 PC Stringer/Multi-beam  
100351 6 2200 1999 MS 18+mod / HS 20+mod SC Stringer/Multi-beam  
100356 2 32500 1999 MS 18+mod / HS 20+mod PC Stringer/Multi-beam  
100357 2 31000 1999 MS 18+mod / HS 20+mod PC Stringer/Multi-beam  
100358 0 32500 1999 MS 18+mod / HS 20+mod PC Stringer/Multi-beam  
100359 0 31000 2000 MS 18+mod / HS 20+mod PC Stringer/Multi-beam  
100363 7 26000 2000 MS 18+mod / HS 20+mod PC Stringer/Multi-beam  
100364 7 31000 1999 MS 18+mod / HS 20+mod PC Stringer/Multi-beam  
100377 6 4500 1999 MS 18+mod / HS 20+mod SC Stringer/Multi-beam  
100397 3 43000 2001 Other or Unknown PC Stringer/Multi-beam  
100398 3 47500 2001 Other or Unknown PC Stringer/Multi-beam  
100399 0 7300 1998 MS 18/HS20 PC Stringer/Multi-beam  
100415 2 43000 2000 MS 18+mod / HS 20+mod PC Stringer/Multi-beam  
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Table A.1 Continued 
Structure 
ID# 
Lanes 
Under 
the 
Structure 
ADT Year of the 
ADT 
Design  
Load 
Kind of 
Material 
Type of design 
100416 1 46824 2001 MS 18+mod / HS 20+mod PC Stringer/Multi-beam  
100417 1 48290 2001 MS 18+mod / HS 20+mod PC Stringer/Multi-beam  
100424 2 7500 2001 MS 18+mod / HS 20+mod PC Stringer/Multi-beam  
100435 2 45500 1998 Other or Unknown PC Stringer/Multi-beam  
100436 2 44500 1998 Other or Unknown PC Stringer/Multi-beam  
100468 2 45500 1998 MS 18+mod / HS 20+mod PC Stringer/Multi-beam  
100469 2 44500 1998 MS 18+mod / HS 20+mod PC Stringer/Multi-beam  
100470 0 24500 1998 MS 18+mod / HS 20+mod PC Stringer/Multi-beam  
100471 0 24500 1998 MS 18+mod / HS 20+mod PC Stringer/Multi-beam  
150121 26 40500 2000 MS 18+mod / HS 20+mod PC Stringer/Multi-beam  
150122 32 33500 1999 MS 18+mod / HS 20+mod SC Stringer/Multi-beam  
150145 7 6100 1999 MS 18+mod / HS 20+mod PC Stringer/Multi-beam  
150146 7 6600 1999 MS 18+mod / HS 20+mod PC Stringer/Multi-beam  
150168 5 6450 2000 MS 18+mod / HS 20+mod PC Stringer/Multi-beam  
150169 5 6450 2000 MS 18+mod / HS 20+mod PC Stringer/Multi-beam  
150170 4 5010 1999 MS 18+mod / HS 20+mod PC Stringer/Multi-beam  
100332 13 23000 1997 MS 18+mod / HS 20+mod Steel Stringer/Multi-beam  
100333 0 21000 1997 MS 18+mod / HS 20+mod PC Stringer/Multi-beam  
100443 6 16000 1997 MS 18+mod / HS 20+mod Steel Stringer/Multi-beam  
100444 6 16000 1997 MS 18+mod / HS 20+mod Steel Stringer/Multi-beam  
100445 2 17000 1997 MS 18+mod / HS 20+mod PC Stringer/Multi-beam  
100446 2 15800 1997 MS 18+mod / HS 20+mod PC Stringer/Multi-beam  
100447 0 20800 1997 MS 18+mod / HS 20+mod PC Stringer/Multi-beam  
100448 0 16500 1998 MS 18+mod / HS 20+mod PC Stringer/Multi-beam  
100449 4 20760 1997 MS 18+mod / HS 20+mod PC Stringer/Multi-beam  
100450 4 18600 1997 MS 18+mod / HS 20+mod PC Stringer/Multi-beam  
100451 2 14330 1997 MS 18+mod / HS 20+mod PC Stringer/Multi-beam  
100452 2 18375 1997 MS 18+mod / HS 20+mod PC Stringer/Multi-beam  
100453 8 13530 1997 MS 18+mod / HS 20+mod Steel Stringer/Multi-beam  
100454 8 17290 1997 MS 18+mod / HS 20+mod Steel Stringer/Multi-beam  
100455 0 14300 1997 MS 18+mod / HS 20+mod PC Stringer/Multi-beam  
100456 0 14300 1997 MS 18+mod / HS 20+mod PC Stringer/Multi-beam  
100457 2 14300 1997 MS 18+mod / HS 20+mod PC Stringer/Multi-beam  
100458 2 18300 1997 MS 18+mod / HS 20+mod PC Stringer/Multi-beam  
 
Table A.1 Continued 
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ID# 
Number 
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in Main 
Unit 
Length of 
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Span ft. 
Structure 
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ft. 
Deck Width 
ft. 
Deck 
Condition 
Rating 
Superstructure 
Condition 
Rating 
Substructure 
Condition 
Rating 
Operating 
Rating  
(Tons) 
10057 114 32.00 2524.70 13.00 5 6 6 51.70 
10058 114 32.00 2524.70 13.00 4 7 7 51.70 
10059 2 33.20 66.10 13.00 4 7 8 56.20 
10060 2 33.20 66.10 13.00 4 8 8 56.20 
10064 5 42.40 207.00 12.80 6 8 8 64.40 
10065 2 39.90 79.60 12.80 6 8 8 69.80 
10066 2 39.90 103.90 12.90 7 8 8 69.80 
10067 3 18.30 49.70 16.60 6 7 7 47.10 
10068 3 18.30 49.70 16.70 6 7 7 47.10 
10069 3 42.10 106.70 15.30 7 8 8 66.20 
10070 3 42.10 106.70 12.80 7 8 8 66.20 
10071 4 25.30 80.50 13.00 4 8 8 56.20 
10072 4 25.30 80.50 13.00 4 8 8 56.20 
10073 3 41.50 72.50 12.80 6 8 8 59.80 
10074 3 41.50 72.50 12.80 6 8 8 59.80 
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10075 2 41.50 107.60 12.80 6 8 8 78.00 
10076 4 27.00 81.10 15.30 6 7 8 45.30 
10077 4 27.00 81.10 15.30 6 8 8 45.30 
10080 3 24.60 64.40 12.80 4 8 8 50.80 
10081 3 24.50 64.70 15.30 4 8 8 50.80 
10082 3 47.20 75.00 12.80 8 8 8 62.50 
10083 3 47.20 75.00 12.80 8 8 8 62.50 
10090 4 29.60 101.20 16.70 6 8 8 53.50 
10091 4 26.30 93.20 16.70 6 8 8 48.10 
30187 3 30.20 53.00 12.80 6 7 8 59.80 
30188 3 30.20 53.00 12.80 6 7 8 59.80 
120085 12 20.70 249.90 12.80 6 8 8 84.40 
120086 12 20.70 249.90 12.80 6 8 8 84.40 
120088 22 36.60 641.00 15.00 5 7 7 56.20 
120093 3 38.10 65.20 13.00 5 7 7 66.20 
120094 3 38.10 65.20 13.00 5 7 7 66.20 
120114 4 47.20 189.00 12.90 5 8 8 56.20 
120126 4 33.70 94.50 15.40 7 8 8 55.30 
120127 4 33.70 94.50 15.40 7 8 8 55.30 
130075 3 24.10 52.40 17.10 5 7 7 46.20 
130076 3 24.70 52.40 17.10 7 7 7 46.20 
130078 4 29.30 88.40 17.90 7 7 8 50.80 
130079 4 30.50 88.40 21.50 7 7 8 56.20 
130084 4 33.20 92.70 20.40 8 8 8 45.30 
130085 4 33.20 92.70 20.40 7 8 8 45.30 
130089 2 53.00 104.50 13.00 7 8 8 42.60 
130090 3 74.40 219.60 13.00 5 7 7 63.50 
130107 4 34.10 86.60 12.10 7 7 7 52.60 
130112 6 76.50 685.50 11.70 5 7 8 73.40 
170079 3 18.60 55.20 17.90 6 8 8 49.00 
170080 3 18.60 55.20 17.90 6 7 8 49.00 
170081 3 18.30 41.50 17.90 7 8 8 55.30 
170082 3 18.30 41.50 17.90 7 8 8 55.30 
170083 4 27.10 72.20 20.30 7 7 7 59.80 
170084 4 27.10 72.20 20.30 7 7 7 59.80 
170085 4 26.80 73.50 17.80 7 7 7 55.30 
170086 4 26.80 73.50 17.80 7 7 7 55.30 
170087 3 12.80 38.40 13.00 5 7 7 57.10 
170088 3 12.80 38.40 14.50 7 8 7 60.80 
170089 2 32.90 65.80 13.00 7 8 8 57.10 
170090 2 32.90 65.80 13.00 7 8 8 57.10 
170091 3 18.10 38.10 13.00 7 8 8 54.40 
170092 3 18.10 38.10 13.00 7 8 8 54.40 
170093 3 18.40 38.70 13.00 7 8 8 50.80 
170094 3 18.40 38.70 13.00 7 8 8 50.80 
170095 3 40.50 66.80 15.40 7 8 8 81.60 
170096 3 40.20 66.40 13.00 6 8 8 74.30 
170099 4 29.90 109.10 13.00 6 7 8 52.60 
170100 4 29.90 109.10 13.00 7 7 8 49.90 
170127 10 15.20 152.00 12.80 7 8 7 46.30 
170128 10 15.20 152.00 12.80 7 8 7 46.30 
170129 3 31.80 54.20 12.80 7 8 8 57.10 
170130 3 31.80 54.20 12.80 7 8 8 57.10 
170131 9 18.30 164.70 12.80 7 8 8 74.00 
170132 9 18.30 164.70 13.10 7 8 7 73.90 
170139 3 32.90 57.90 13.00 7 8 8 51.70 
170140 3 32.90 57.90 13.00 7 8 8 51.70 
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170145 3 36.00 57.90 17.90 8 7 8 87.80 
170146 3 36.00 57.90 20.50 8 7 8 87.80 
100049 20 44.95 729.00 69.55 7 7 7 56.20 
100080 12 56.76 669.29 41.99 7 8 7 49.80 
100081 12 54.13 648.95 41.99 7 8 7 49.80 
100338 27 118.11 1631.89 41.99 5 8 7 47.10 
100339 7 72.18 502.62 43.96 5 7 7 58.00 
100346 4 94.49 274.93 66.60 5 7 8 48.00 
100347 4 95.14 276.57 66.60 5 8 8 48.00 
100351 4 125.33 319.55 47.57 5 8 8 61.60 
100356 3 83.66 159.45 70.87 5 8 8 63.50 
100357 3 83.01 159.12 71.85 5 8 8 63.50 
100358 21 90.22 1555.12 70.87 4 7 8 59.80 
100359 21 90.22 1550.20 71.52 4 7 7 59.80 
100363 5 78.74 315.62 67.91 5 7 8 57.10 
100364 5 78.41 315.62 67.91 4 8 8 57.10 
100377 2 167.98 335.96 92.52 5 8 8 55.30 
100397 4 107.28 324.80 60.37 5 8 8 58.90 
100398 5 105.64 353.67 75.79 5 8 8 59.80 
100399 6 61.02 362.86 60.04 7 7 7 54.40 
100415 3 105.97 189.63 68.90 5 8 8 45.30 
100416 3 84.97 148.95 86.94 5 8 8 57.10 
100417 3 94.16 167.98 59.06 5 8 8 58.00 
100424 3 106.63 189.30 31.50 5 8 8 67.10 
100435 5 91.21 360.24 59.71 5 7 7 49.80 
100436 5 91.21 360.24 59.71 5 7 7 49.80 
100468 3 88.91 160.43 58.73 5 8 8 61.60 
100469 3 88.91 160.43 58.73 5 8 8 61.60 
100470 3 49.54 148.62 60.37 5 8 8 54.40 
100471 3 49.54 148.62 60.04 5 8 8 54.40 
150121 45 112.53 4366.80 62.01 7 7 7 48.00 
150122 3 103.02 4535.76 45.93 7 8 8 50.80 
150145 11 104.00 870.08 42.65 7 8 8 52.60 
150146 9 104.99 871.06 42.65 7 8 8 51.70 
150168 3 89.24 162.07 43.96 6 8 8 42.60 
150169 3 89.24 162.07 43.96 6 8 7 42.60 
150170 2 86.94 173.88 72.83 6 7 7 54.40 
100332 129 187.01 9600.07 38.71 6 7 6 57.10 
100333 142 161.09 9883.86 27.89 6 7 6 99.90 
100443 1 154.86 1125.33 49.21 4 7 7 64.40 
100444 1 154.86 862.86 61.02 6 7 7 46.20 
100445 3 71.85 167.98 38.71 5 7 7 55.30 
100446 3 71.85 167.98 38.71 5 7 7 55.30 
100447 3 84.97 200.13 38.71 5 7 7 68.00 
100448 3 84.97 200.13 38.71 4 7 7 68.00 
100449 5 100.07 309.06 38.71 5 7 7 46.20 
100450 5 100.07 323.82 38.71 6 7 7 46.20 
100451 4 85.96 256.89 38.71 4 7 7 67.10 
100452 3 85.96 214.90 38.71 6 7 7 67.10 
100453 1 137.14 222.11 38.71 4 7 7 62.50 
100454 1 137.14 222.11 38.71 5 7 7 62.50 
100455 3 89.90 179.13 38.71 5 7 7 65.30 
100456 3 89.90 179.13 56.76 5 7 7 65.30 
100457 3 71.85 153.22 38.71 6 7 7 46.20 
100458 3 71.85 153.22 38.71 6 7 7 46.20 
10057 6 12 1999 0 30 38170 2023 32821.10 
10058 7 12 2002 0 30 38170 2023 32821.10 
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10059 7 12 2002 0 30 38170 2023 859.30 
10060 8 12 2002 0 30 38170 2023 859.30 
10064 8 7 2001 0 3 885 2020 2649.60 
10065 8 7 2001 0 3 5511 2019 1018.88 
10066 8 7 2001 0 3 1400 2015 1340.31 
10067 7 7 2001 0 10 11520 2020 825.02 
10068 7 7 2001 0 10 10920 2020 829.99 
10069 8 9 2001 1997 30 20400 2020 1632.51 
10070 8 9 2001 1997 30 21600 2020 1365.76 
10071 8 12 2002 0 30 34435 2023 1046.50 
10072 8 12 2002 0 30 36435 2023 1046.50 
10073 8 7 2001 0 30 20400 2020 928.00 
10074 8 7 2001 0 30 23400 2020 928.00 
10075 8 7 2001 0 3 5740 2019 1377.28 
10076 7 7 2001 0 30 23000 2018 1240.83 
10077 8 7 2001 0 30 23400 2019 1240.83 
10080 8 7 2002 0 30 38170 2023 824.32 
10081 8 7 2002 0 30 38170 2023 989.91 
10082 8 7 2001 0 30 20400 2020 960.00 
10083 8 7 2001 0 30 21600 2020 960.00 
10090 8 7 2001 0 12 10920 2020 1690.04 
10091 8 7 2001 0 12 41520 2020 1556.44 
30187 7 4 2001 0 30 49804 2026 678.40 
30188 7 4 2001 0 30 34800 2026 678.40 
120085 8 8 2001 0 15 23400 2020 3198.72 
120086 8 8 2001 0 15 23400 2020 3198.72 
120088 7 2 2002 0 10 42508 2022 9615.00 
120093 7 8 2001 0 30 29400 2020 847.60 
120094 7 8 2001 0 30 32400 2020 847.60 
120114 8 8 2001 0 5 1728 2020 2438.10 
120126 8 8 2001 0 30 35400 2020 1455.30 
120127 8 8 2001 0 30 35400 2020 1455.30 
130075 8 11 2001 0 30 45625 2019 896.04 
130076 8 11 2001 0 30 41875 2019 896.04 
130078 8 11 2001 0 30 32400 2019 1582.36 
130079 8 11 1999 0 30 31800 2019 1900.60 
130084 8 1 2001 0 10 44639 2020 1891.08 
130085 8 1 2001 0 10 47718 2020 1891.08 
130089 6 11 2001 0 5 770 2021 1358.50 
130090 8 11 2001 0 30 12314 2019 2854.80 
130107 8 11 2001 0 5 2309 2021 1047.86 
130112 7 10 2000 0 30 33125 2020 8020.35 
170079 8 11 2001 0 30 41975 2019 988.08 
170080 8 11 2001 0 30 48750 2019 988.08 
170081 8 11 2001 0 30 50000 2018 742.85 
170082 8 11 2003 0 30 48750 2018 742.85 
170083 7 1 2003 0 10 77641 2023 1465.66 
170084 7 1 2002 0 30 77641 2023 1465.66 
170085 7 5 2002 0 30 62460 2023 1308.30 
170086 7 5 2002 0 30 62460 2023 1308.30 
170087 7 3 2001 0 30 23400 2020 499.20 
170088 7 3 2001 0 30 22200 2020 556.80 
170089 8 7 2001 0 30 33020 2020 855.40 
170090 8 7 2001 0 30 33020 2015 855.40 
170091 8 8 2001 0 30 25200 2020 495.30 
170092 8 8 2001 0 30 27600 2020 495.30 
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170093 8 8 2001 0 30 25200 2020 503.10 
170094 8 8 2001 0 30 27600 2020 503.10 
170095 8 8 2001 0 30 336000 2020 1028.72 
170096 8 8 2001 0 30 25200 2020 863.20 
170099 7 3 2002 0 15 8588 2022 1418.30 
170100 7 3 2002 0 15 8588 2022 1418.30 
170127 7 3 2001 0 30 22200 2020 1945.60 
170128 7 3 2001 0 30 23400 2020 1945.60 
170129 8 3 1999 0 30 21000 2016 693.76 
170130 8 3 1999 0 30 20000 2016 693.76 
170131 8 3 1999 0 30 21000 2016 2108.16 
170132 7 3 1999 0 30 21000 2016 2157.57 
170139 8 2 2001 0 19 21959 2021 752.70 
170140 8 2 2001 0 19 21958 2021 752.70 
170145 7 11 2001 0 30 50000 2018 1036.41 
170146 8 11 2001 0 30 48750 2018 1186.95 
100049 7  Jun-99 1968 7 42000 2021 50704.91 
100080 7  Nov-99 0 2 2100 2018 28106.72 
100081 7  Nov-99 0 8 22000 2021 27252.50 
100338 7  May-99 0 15 20883 2021 68530.80 
100339 7  Dec-99 0 10 20647 2023 22097.02 
100346 7  Dec-99 0 30 26520 2020 18310.92 
100347 8  Dec-99 0 30 24990 2020 18420.17 
100351 8  Dec-99 0 5 2640 2020 15201.87 
100356 8  Dec-99 0 30 39000 2020 11299.52 
100357 8  Dec-99 0 30 37200 2020 11432.89 
100358 7  Dec-99 0 30 39000 2020 110205.22 
100359 7  Dec-99 0 30 39000 2020 110873.66 
100363 7  Dec-99 0 30 45110 2022 21434.61 
100364 8  Dec-99 0 30 37200 2020 21434.61 
100377 8  Dec-99 0 10 5400 2020 31082.73 
100397 8  May-00 0 30 50000 2021 19607.54 
100398 8  May-00 0 30 50000 2021 26804.07 
100399 7  Feb-00 0 10 243 2018 21785.94 
100415 8  Apr-00 0 30 74605 2022 13065.23 
100416 8  Apr-00 0 20 56188 2021 12950.06 
100417 8  Apr-00 0 30 57948 2021 9920.02 
100424 8  May-00 0 20 9000 2021 5962.35 
100435 7  May-00 0 30 50000 2020 21510.17 
100436 7  May-00 0 30 55000 2020 21510.17 
100468 8  Apr-00 0 30 70000 2018 9421.76 
100469 8  Apr-00 0 30 55664 2018 9421.76 
100470 8  May-00 0 30 55664 2018 8971.93 
100471 8  May-00 0 30 55664 2018 8923.17 
150121 7  May-00 0 30 7000 2022 270775.85 
150122 8  Jul-99 0 30 57202 2021 208335.49 
150145 8  Jul-99 0 30 9200 2021 37109.66 
150146 8  Jul-99 0 30 10000 2021 37151.64 
150168 8  Sep-99 0 30 11191 2022 7125.28 
150169 8  Sep-99 0 30 11191 2022 7125.28 
150170 8  Sep-99 0 20 7762 2021 12664.82 
100332 6  Aug-99 1981 8 191362 2018 371656.08 
100333 6  Aug-99 1981 8 33254 2018 275632.53 
100443 7  May-99 0 8 23133 2018 55380.32 
100444 7  May-99 0 8 23133 2018 52654.90 
100445 7  Apr-99 0 8 24579 2018 6503.12 
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100446 7  Apr-99 0 8 22844 2018 6503.12 
100447 7  Apr-99 0 8 30073 2018 7747.86 
100448 7  Apr-99 0 8 26892 2018 7747.86 
100449 7  Apr-99 0 8 30015 2018 11964.73 
100450 7  Apr-99 0 8 26892 2018 12536.30 
100451 7  Apr-99 0 8 20718 2018 9945.21 
100452 7  Apr-99 0 8 26567 2018 8319.43 
100453 7  Apr-99 0 8 19562 2018 8598.86 
100454 7  Apr-99 0 8 191362 2018 8598.86 
100455 7  May-99 0 8 20675 2018 6934.97 
100456 7  May-99 0 8 20675 2018 10167.37 
100457 7  Apr-99 0 8 20675 2018 5931.56 
100458 7  Apr-99 0 8 26458 2018 5931.56 
 
Table A.1 Continued 
Structure 
ID# 
Sufficiency 
Rating % 
Girder type Distance 
Between 
girders ft 
Deck 
Thickness 
Concrete 
Type 
Concrete 
f'c 
10057 96 III 9.25 7.5 II 3400 
10058 96 III 9.25 7.5 II 3400 
10059 95 N.A N.A N.A N.A N.A 
10060 97 N.A N.A N.A N.A N.A 
10064 99  9.25 7.5 II 3400 
10065 94  9.25 7.5 II 3400 
10066 99  9.25 7.5 II 3400 
10067 98 III 9.81 7.5 II 3400 
10068 98 III 9.81 7.5 II 3400 
10069 95  9 7.5  3750 
10070 97  9 7.5  3750 
10071 96 III, IV 9.25 7.5 II 3400 
10072 96 III, IV 9.25 7.5 II 3400 
10073 98  9.25 7.5 II 3400 
10074 93  9.25 7.5 II 3400 
10075 99  9.25 7.5 II 3400 
10076 94 II, IV 9 7.5 II 3400 
10077 94 II, IV 9 7.5 II 3400 
10080 95 IV 9.25 7 II 3400 
10081 93 IV 9.25 7 II 3400 
10082 92  9.25 7.5 II 3400 
10083 93  9.25 7.5 II 3400 
10090 93 IV 9.82 7.5 II 3400 
10091 93 IV 9.82 7.5 II 3400 
30187 97 N.A N.A N.A N.A N.A 
30188 97 N.A N.A N.A N.A N.A 
120085 98 III 9.25 7 III 3750 
120086 98 III 9.25 7 III 3750 
120088 80 IV 8 7.5 N.A N.A 
120093 93  9.25 7.5 II 3400 
120094 93  9.25 7.5 II 3400 
120114 95  9.25 7 N.A N.A 
120126 94 III, IV 9.25 - 5.25 7 II 3400 
120127 94 III, IV 9.25 - 5.25 7 II 3400 
130075 97 II, IV 8.83 - 6.58 7 II 3400 
130076 97 II, IV 8.83 - 6.58 7 II 3400 
130078 98 II, IV 8.83 7 II 3400 
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130079 98 II, IV 8.83 7 II 3400 
130084 90 II, IV 8.83 7 II 3400 
130085 90 II, IV 8.83 7 II 3400 
130089 88  9.25 7.5 II 3400 
130090 92  9.25 7.5 II 3400 
130107 99 N.A 8.25-  4 7 N.A N.A 
130112 81  8.25 - 4 7 N.A N.A 
170079 96 III 10.58 7 N.A N.A 
170080 96 III 10.58 7 N.A N.A 
170081 92 II, III 8.83 7 II 3400 
170082 92 II, III 8.83 7 II 3400 
170083 96 II, IV 10.16 - 8.65 7 III 3750 
170084 95 II, IV 10.16 - 8.66 7 III 3750 
170085 96 II, IV 8.83 7 II 3400 
170086 96 II, IV 8.83 7 II 3400 
170087 96 II 9 7 III 3750 
170088 96 II 9 7 III 3750 
170089 97 IV 6.2 7 II 3400 
170090 97 IV 6.2 7 II 3400 
170091 91 II 9.25 - 5.25 7 II 3400 
170092 96 II 9.25 - 5.25 7 II 3400 
170093 96 II 9.25 - 5.25 7 II 3400 
170094 96 II 9.25 - 5.25 7 II 3400 
170095 95  9 7 III 3750 
170096 97  9 7 III 3750 
170099 99 IV 9.5 7 II 3400 
170100 99 IV 9.5 7 II 3400 
170127 96 II, III 8.25 - 8.5 7 II 3400 
170128 96 II, III 8.25 - 8.5 7 II 3400 
170129 97 II, IV 9.25 - 6.2 7 II 3400 
170130 97 II, IV 9.25 - 6.2 7 II 3400 
170131 97 II 6.5 7 II 3400 
170132 97 II 6.5 7 II 3400 
170139 97 II, IV 9.25 - 6.2 7 II 3400 
170140 97 II, IV 9.25 - 6.2 7 II 3400 
170145 96 II, IV 8.10 - 4.5 7.5 II 3400 
170146 95 II, IV 8.10 - 4.5 7.5 II 3400 
100049 76 B-24 5.25 7  3400 
100080 98 II 7.5 7  3400 
100081 98 II 7 7  3400 
100338 95 II 9.25 7  3400 
100339 96 III 8 7  3400 
100346 97 IV 9.12 7  3400 
100347 91 IV 9 7  3400 
100351 99  8.17 7  3400 
100356 91 IV 9.25 7.5  3400 
100357 92 IV 9.25 7.5  3400 
100358 97 III, IV 9.25 7.5  3400 
100359 97 III, IV 9.25 7.5  3400 
100363 96 II, III 10.14 7.5  3400 
100364 96 II, III 10.14 7.5  3400 
100377 98  8.6 7  3400 
100397 94 II, IV 6.53 7.5  3400 
100398 94 II, IV 10.19 7.5  3400 
100399 99 III 8 7.5  3400 
100415 90 II, IV 10.12 7  3400 
100416 94 II, IV 9.53 7  3400 
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Girder type Distance 
Between 
girders ft 
Deck 
Thickness 
Concrete 
Type 
Concrete 
f'c 
100417 95 II, IV 10.51 7  3400 
100424 96 IV 8 7  3400 
100435 95 II, III, IV 8.71 7  3400 
100436 95 II, III, IV 8.71 7  3400 
100468 95 II, IV 8.71 7  3400 
100469 95 II, IV 8.71 7  3400 
100470 96 II 7.5 7  3400 
100471 96 II 7.5 7  3400 
150121 94 IV 8.71 7  3400 
150122 81 IV 8 7  3400 
150145 93 IV 9.21 7  3400 
150146 93 IV 8.1 7  3400 
150168 98 II, IV 5.28 7  3400 
150169 93 II, IV 5.28 7  3400 
150170 94 IV 5.28 7  3400 
100332 82 III 9 7  3400 
100333 92 III 9 7  3400 
100443 94 II,III 8.60,8.58 7  3400 
100444 97 II,III 8.60,8.58 7  3400 
100445 95 missing plans 8.25   3400 
100446 95 missing plans 8.5   3400 
100447 95 IV 8.25 7  3400 
100448 95 IV 8.25 7  3400 
100449 89 II,IV 8.25 7  3400 
100450 88 II,IV 8.25 7  3400 
100451 95 II,IV 8.25 7  3400 
100452 95 II,IV 8.5 7  3400 
100453 89 II 8.25 7  3400 
100454 90 II 8.25 7  3400 
100455 94 II,IV 8.5,8.375 7  3400 
100456 91 II,IV 8.5,8.375 7  3400 
100457 90 II,III 8.25 7  3400 
100458 89 II,III 8.25 7  3400 
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Appendix B: Output from PANEL Software 
Table B.1: Number of Deficiencies on each Bridge 
Structure 
ID 
Failed 
Repairs 
Existing 
Repairs 
Top 
Spalls 
Bottom 
Cracks with 
Effl. 
Bottom 
Trans. 
Cracks 
Bottom 
Long. 
Crack 
Top 
Transv. 
Cracks 
Top Long. 
Cracks 
100443 8 0 94 0 88 16 232 232 
100453 1 13 33 0 35 1 30 30 
100454 0 11 9 0 25 4 72 72 
10059 0 0 3 5 20 0 10 10 
10060 0 10 6 5 8 0 9 9 
10065 0 0 0 10 12 7 13 13 
10066 0 0 0 10 12 0 9 9 
10075 0 0 0 2 8 0 18 18 
130089 0 9 0 1 12 2 15 15 
170089 0 0 0 0 4 1 11 11 
170090 0 9 0 0 6 2 21 21 
100377 0 3 0 6 11 0 11 11 
150170 0 1 0 0 1 0 7 7 
10067 0 0 5 5 9 0 9 9 
10068 0 0 5 5 9 1 8 8 
10069 6 0 4 5 6 0 9 9 
10070 4 0 2 1 1 4 11 11 
10073 6 9 0 4 8 6 4 4 
10074 1 8 0 4 6 0 5 5 
10080 4 16 0 4 7 0 12 12 
10081 11 13 33 8 14 0 13 13 
10082 2 14 0 4 11 0 10 10 
10083 0 8 0 0 10 0 12 12 
30187 0 0 1 0 0 5 6 6 
30188 0 2 0 0 0 4 6 6 
120093 3 12 2 0 10 0 11 11 
120094 2 1 0 8 12 8 12 12 
130075 0 3 15 3 18 0 4 4 
130076 0 7 1 0 6 1 10 10 
130090 0 7 15 6 68 0 14 14 
170079 0 0 0 31 43 1 12 12 
170080 0 1 2 38 48 0 11 11 
170081 0 1 22 12 24 0 13 13 
170082 0 0 0 21 28 0 8 8 
170087 2 22 3 4 9 0 9 9 
170088 2 3 3 1 9 0 13 13 
170091 0 0 0 0 0 5 26 26 
170092 0 9 0 0 10 2 13 13 
170093 0 0 0 0 12 4 14 14 
170094 0 4 0 0 10 2 11 11 
170095 0 8 0 0 14 4 13 13 
170096 0 8 12 0 9 0 15 15 
170129 1 10 10 3 115 0 13 13 
170130 0 4 2 0 102 7 22 22 
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Table B.1 Continued 
Structure 
ID 
Failed 
Repairs 
Existing 
Repairs 
Top 
Spalls 
Bottom 
Cracks with 
Effl. 
Bottom 
Trans. 
Cracks 
Bottom 
Long. 
Crack 
Top 
Transv. 
Cracks 
Top Long. 
Cracks 
170139 1 6 2 1 5 2 10 10 
170140 0 0 0 0 45 14 17 17 
170145 0 1 2 6 5 1 5 5 
170146 2 4 9 8 11 0 10 10 
100356 0 5 10 0 4 9 7 7 
100357 0 10 13 0 0 9 7 7 
100415 0 2 6 0 0 0 7 7 
100416 4 5 7 0 0 0 6 6 
100417 0 0 0 0 0 1 7 7 
100424 0 1 0 0 0 1 9 9 
100468 0 19 5 0 3 3 23 23 
100469 0 11 3 0 43 0 15 15 
100470 0 0 0 0 16 0 10 10 
100471 0 8 4 0 59 0 10 10 
150122 0 5 1 1 2 0 12 12 
150168 0 9 0 4 10 3 15 15 
150169 0 7 0 10 13 0 18 18 
100445 0 1 2 0 26 0 17 17 
100446 0 0 4 0 23 1 20 20 
100447 2 0 5 0 5 0 59 59 
100448 4 2 7 0 2 0 97 97 
100452 0 10 0 0 25 2 33 33 
100455 0 9 6 0 36 0 89 89 
100456 0 4 3 0 10 0 3 3 
100457 0 12 12 0 22 1 54 54 
100458 0 5 2 3 23 3 78 78 
10071 0 1 1 1 31 5 22 22 
10072 0 18 0 6 18 20 11 11 
10076 0 4 0 4 20 4 21 21 
10077 2 5 4 0 19 4 19 19 
10090 0 0 0 0 12 4 12 12 
10091 0 0 0 0 9 0 11 11 
120114 0 8 16 5 10 0 11 11 
120126 0 0 0 7 10 1 14 14 
120127 0 0 0 8 10 0 11 11 
130078 1 1 2 4 6 5 11 11 
130079 1 4 5 4 6 3 6 6 
130084 0 0 0 0 11 0 12 12 
130085 0 0 0 0 7 0 12 12 
130107 0 10 0 6 11 0 10 10 
170083 0 8 0 0 12 1 7 7 
170084 0 7 0 0 9 0 7 7 
170085 0 5 3 1 10 1 13 13 
170086 0 4 0 1 11 1 16 16 
170099 0 13 5 0 6 0 8 8 
170100 0 0 0 0 4 0 11 11 
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Table B.1 Continued 
Structure 
ID 
Failed 
Repairs 
Existing 
Repairs 
Top 
Spalls 
Bottom 
Cracks with 
Effl. 
Bottom 
Trans. 
Cracks 
Bottom 
Long. 
Crack 
Top 
Transv. 
Cracks 
Top Long. 
Cracks 
100346 0 5 4 0 2 12 21 21 
100347 0 2 4 0 5 1 22 22 
100351 0 0 18 0 50 0 16 16 
100397 1 8 15 0 2 1 5 5 
100451 2 7 12 2 115 0 42 42 
10064 0 8 0 2 15 3 23 23 
100363 0 1 22 0 1 0 24 24 
100364 0 4 8 0 1 1 17 17 
100398 0 14 0 0 0 3 12 12 
100435 0 0 1 0 2 2 17 17 
100436 1 0 2 0 2 2 17 17 
100449 1 10 2 0 41 2 96 96 
100450 0 10 3 0 38 2 107 107 
100399 0 2 1 0 3 0 16 16 
100339 0 2 0 0 77 2 21 21 
170131 0 8 0 0 21 0 29 29 
170132 0 36 0 0 25 0 65 65 
150146 0 1 1 1 9 0 9 9 
170127 0 5 0 0 0 0 37 37 
170128 0 14 0 0 5 3 14 14 
150145 0 5 1 0 7 0 1 1 
120085 0 4 0 6 7 19 14 14 
120086 0 0 0 9 9 20 15 15 
100080 0 1 7 0 1 4 0 0 
100081 0 1 2 0 1 0 1 1 
100049 0 1 3 0 6 0 5 5 
100358 0 10 48 4 16 1 23 23 
100359 0 3 4 0 2 2 22 22 
120088 0 0 1 5 25 0 8 8 
100338 3 1 11 0 213 8 35 35 
150121 0 4 0 0 1 0 10 10 
10057 6 41 1 2 6 1 9 9 
10058 13 0 8 3 8 2 16 16 
100332 11 4 421 0 763 5 399 399 
100333 2 14 62 0 659 0 450 450 
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Appendix C: Commands and Syntax for BRAILE 
 
For symbols refer Appendix D 
BRIDGE ,{Number} 
Ex: BRIDGE, 010057 
 
IDATE, {MM/DD/YYYY} 
Ex: IDATE, 12/16/1999 
 
CJS, QTY={Number}, CON={GOOD/POOR}, REC={N=Do Nothing, CR= Clean joint 
& Replace}, PREPAIR={Y/N 
Ex: CJS, QTY=379, CON=GOOD,REC=N, PR=N 
 
CONDITION,# ={Number) 
Ex: CONDITION,#=3 
 
CUTOUT, SPA={ALL/ Number}, EST={Y/N}, COR={Y/N} 
Ex: CUTOUT, SPA=1, EST=Y, COR=Y 
 
DEF,DEP={Number} 
Ex: DEF, DEP=3   (Depth in inches) 
 
DEF, SPA={ALL/ Number}, BAY={ALL/Number}, PAN={ALL/Number}, 
DEP={Number} 
Ex: DEF, SPA=2, BAY=4, PAN=8, DEP=0.5 (Depth in inches) 
 
DELAM, SPA={ALL/ Number}, BAY={ALL/Number}, PAN={ALL/Number}, 
LAN={ALL/Number}, X={Number}, Y={Number}, EX-={YES/NO}, EXP={Y/N} 
Ex: DELAM, SPA=86, BAY=2,PAN=ALL,LAN=ALL,X=4.7,Y=4.7,EX-=N,EST=N (X and Y in inches)  
 
EREPAIR, TYP={PATCH}, SPA={ALL/ Number}, LAN={ALL/Number}, 
X={Number}, Y={Number}, Z={Number} 
Ex: EREPAIR,TYP=PATCH,SPA=20,LAN=LEFT,X=80,Y=8  (X and Y in inches) 
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EJ,CON={GOOD/POOR} 
Ex: EJ, CON=POOR       
 
ESTEEL, SPA={ALL/ Number}, QTY={Number} 
Ex: ESTEEL,SPA=9,QTY=12 
 
FREPAIR,TYPE={CRACKING/DELAMINATION/SPALLING/}, SPA={ALL/ 
Number}, BAY={ALL/Number}, PAN={ALL/Number}, X={Number}, Y={Number}, 
Z={Number},EST={YES/NO} 
Ex: FEREPAIR,SPA=1, TYPE=DELAMINATION ,X=133.85,Y=125.98 (X, Y and Z in inches) 
 
GAP, SPA={ALL/ Number}, BAY={ALL/Number}, PAN={ALL/Number}, 
PAN={ALL/Number}, WID={Number} 
Ex: GAP, SPA=44, BAY=1, PAN=4, PAN=5, WID=0.28 (Width in inches) 
 
GCRACK, # ={Number}, ORI={L=Longitudinal/T=Transverse/B=Both/D=Diagonal}, 
SPA= {ALL/ Number}, BEN={Number}, BAY={ALL/Number}, WID/CLA={Width 1= 
Number}, WID/CLA={Width 2= Number}, STA={=YYYY(1967,1966)}, 
PRO={SAME/WORSE}, EFF={YES/NO} 
Ex: GCRACK,#=3,ORI=T,SPA=ALL,BEN=,CLA=CLASS1,CLA=,STA=1983, PRO=SAME,EFF=YES 
(Widths in inches) 
Note: If number is written in front of GRACK then that many number of cracks are present, if nothing is 
written then many number of cracks are present and are not specified.  If CLASS 1 to CLASS 5 cracks 
present then write only CLA=CLASS1, CLA=CLASS5 
 
GSPALL, # ={Number}, BAY={ALL/Number}, PAN={ALL/Number}, X={Number}, 
Y={Number}, Z={Number}, DIA={YES/NO}, REP={YES/NO}, EXP={YES/NO}, 
SPA={ALL/ Number} 
Ex: GSPALL,#=1,BAY=,PAN=,X=4,Y=36,Z=1.2,DIA=N,REP=N,EXP=N,SPA=58 (X,Y and Z in inches) 
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HONCOM, SPA={ALL/ Number}, X={Number}, Y={Number} 
Ex:HONCOM, SPA=123, X=72, Y=36 (X and Y in inches) 
 
NBIRATING, NEW={Number}, OLD={Number} 
Ex: NBIRATING, NEW=4, OLD=7 
 
OEJ,QTY={Number},CON={GOOD/POOR}, REC={N=Do Nothing, CR= Clean joint 
& Replace} 
Ex: OEJ, QTY=5, CON=POOR, REC=N 
 
PJS, QTY={Number}, CON={GOOD/POOR}, REC={N=Do Nothing, CR= Clean joint 
& Replace}, PREPAIR={Y/N} 
Ex: PJS, QTY=18,CON=GOOD, REC=N, PR=N 
 
PREPAIR,YES={YES/NO} 
Ex: PREPAIR,YES=YES         
 
PCRACK, ORI={L=Longitudinal/T=Transverse/B=Both/D=Diagonal}, 
WID={Number}, WID={Number}, BAY={ALL/Number}, PAN={ALL/Number} , 
SPA={ALL/ Number} 
Ex: PCRACK,ORI=T,WID=0.004,WID=0.008,BAY=ALL,PAN=ALL,SPA=ALL (Width in inches) 
 
SPALL, SPA={ALL/ Number}, BAY={ALL/Number}, PAN={ALL/Number}, 
LAN={ALL/Number}, BEN/ FRO={Number}, X={Number/CLASS1/CLASS2}, 
Y={Number/CLASS1/CLASS2}, Z={Number}, STA={=YYYY(1966,1967)}, 
PRO={SAME/WORSE}, EFF={YES/NO},  DIA={YES/NO}, REP={YES/NO}, 
EST={Y/N} 
Ex: SPALL,SPA=ALL,BAY=,PAN=,BEN=,X=6,Y=1.5,Z=0.5,EST=NO (X,Y and Z in inches) 
Note: If CLASS 1 to CLASS 5 spalls present then write only CLA=CLASS1, CLA=CLASS5 
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SCALED, SPA={ALL/ Number},CLA={CLASS1/ CLASS2/ CLASS3/ CLASS4/ 
CLASS5}, STA={=YYYY(1967,1966)}, PRO={SAME/WORSE} 
Ex: SCALED, SPA=17,CLA=CLASS1,CLA=CLASS2, PRO=SAME 
 
SIP,CON={GOOD/POOR}, STA={=YYYY(1966,1967)}, PRO{SAME./WORSE} 
Ex: SIP, CON=POOR, STA=1982, PRO=SAME 
 
SEEPAGE,TRU={TRUE/FALSE} 
Ex: SEEPAGE, TRU=FALSE 
STATE,STA={SOUND/LOOSE/DIRTY} 
Ex: STATE, STA=LOOSE 
 
STAINING, BAY={ALL/Number}, BEA={Number}, PAN={ALL/Number}, 
HEA={LIGHT/HEAVY}, SPA={ALL/ Number} 
Ex: STAINING, BAY=, BEA=, PAN=, HEA=LIGHT, SPA=ALL 
 
TRANS, SPA={ALL/ Number},MOV={LATERAL/LONGITUDINALLY}, 
DIS={Number} 
Ex: TRANS, SPA=1, MOV=LATERAL, DIS=0.18   (Displacement in inches) 
 
MAPCR, SPA={ALL/ Number}, CLA/WID={Number}, STA={=YYYY(1967,1966)}, 
PRO={SAME/WORSE} 
Ex: MAPCR,SPA=ALL,CLA=1 
 
MFELT, SPA= {ALL/ Number}, BAY= {ALL/Number}, PAN= {ALL/Number}, LAN= 
{ALL/ Number}, SIZ= {Number} 
Ex: MFELT, SPA=3, BAY=3, PAN=9, SIZ=36 
 
VOID, SPA={ALL/ Number}, X={Number}, Y={Number}, Z={Number}, 
EST={YES/NO} 
Ex:VOID, SPA=84, X=36, Y=4, Z=1.5, EST=NO  (X,Y and Z in inches) 
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WORN, SPA={ALL/ Number}, BAY={ALL/Number}, PAN={ALL/Number},EX-
={Y/N},EXP={Y/N},VOI={Y/N} 
Ex: WORN, SPA=ALL, BAY=ALL, PAN=ALL, EXP=N, EXP=N, VOI=N 
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Appendix D: List of Symbols used in Inspection Commands of BRAILE 
 
# = Number 
B = Both (Longitudinal and Transverse) 
BAY = Bay 
BEA = Beam 
BEN = Bent 
CJS = Compression Joint Seal  
CLA = Class 
CON = Condition 
CONDITION = Condition State 
COR = Corroded 
CR = Clean joint & Replace 
CUTOUT = Cutout 
D = Diagonal 
DEF = Deflection 
DEP = Depth 
DELAM = Delamination 
DIA = Diameter 
DIS = Displacement 
EFF = Efflorescence  
EJ = Expansion Joint  
EREPAIR = Existing Repair 
EST, EXP, ESTEEL = Exposed Steel 
EX- = Ex-Aggregate 
FREPAIR = Failing Repair 
FRO = From Bent 
GAP = Gap 
GCRACK = General Cracking 
GSPALL = General Spalling 
HEA = Heavy 
HONCOM = Honey Combing 
IDATE = Inspection Date 
L = Longitudinal 
LAN = Lane 
IN = Inspection Notes 
MAPCR = Map Cracking 
MFELT = Missing Felt 
MOV = Movement 
NO = No 
OEJ = Other Expansion Joint 
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ORI = Orientation 
PAN = Panel 
PCRACK = Panel Cracking 
PJS = Pourable Joint Seal 
PRIORITIZATION = Previous Repair for Expansion Joints 
PREPAIR = Previous Repair 
PRO = Progress 
QTT, QTY = Quantity 
REC = Recommendation  
REP = Repaired 
SCALED = Scaled Damage 
SIP = Stay In Place 
SIZ = Size 
SPA = Span 
SPALL = Spall 
STA = Start date/ State 
STAINING = Staining 
T = Transverse 
TRANS = Translation 
TRU = True/False 
TYP = Type 
VOI = Voids 
WID = Width/Wide 
WORN = Worn, Abrasive wear  
X = Length/Diameter 
YES = Yes 
Y = Width 
YYYY = Year 
Z = Depth 
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Appendix E: Plots of Parameter vs. Deficiency 
 
Figure E.1: Plot of Year Built vs. Deficiency (FR, ER, BE, BLC) 
 
Figure E.2: Plot of Year Built vs. Deficiency (TS, BTC, TTC) 
 
Figure E.3: Plot of Concrete f’c vs. Deficiency (FR, ER, BE, BLC) 
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Figure E.4: Plot of Concrete f’c vs. Deficiency (TS, BTC, TTC) 
 
 
Figure E.5: Plot of Deck Thickness vs. Deficiency (FR, ER, BE, BLC) 
 
Figure E.6: Plot of Deck Thickness vs. Deficiency (TS, BTC, TTC) 
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FigureE.7: Plot of Operating Rating vs. Deficiency (FR, ER, BE, BLC) 
 
 
Figure E.8: Plot of Operating Rating vs. Deficiency (TS, BTC, TTC) 
 
Figure E.9: Plot of Future ADT vs. Deficiency (FR, ER, BE, BLC) 
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Figure E.10: Plot of Future ADT vs. Deficiency (TS, BTC, TTC) 
 
 
Figure E.11: Plot of Structure Length vs. Deficiency (FR, ER, BE, BLC) 
 
Figure E.12 Plot of Structure Length vs. Deficiency (TS, BTC, TTC) 
 
0
5
10
15
20
25
Structure Length
D
ef
ic
ie
n
cy
Failed Repairs
Existing Repairs
Bot.Cracks with Effl.
Bot.Long.Cracks
   25        50        75       100     125      150      175       200      225    250      275     300 
   50        75       100      125     150      175      200       225      250    275     300      325 
 (10)   (30)  (13)    (8)     (3)   (16)     (7)      (5)     (2)  (2)    (1)      (6) 
(ft) 
0
20
40
60
80
100
Future ADT 
D
ef
ic
ie
n
cy
Top Spalls
Bot. Trans.Cracks
Top Trans.Cracks
(In 1000)    0       5       10     15      20      25       30     35      40     45     50      55      60     65     70  
   5      10      15     20      25     30        35     40      45     50     55      60       65    70     75 
(7)  (10)  (6)   (2)  (30) (12)    (8)  (14)  (6)  (20)  (1)   (6)    (2)  (1)   (1) 
0.00
10.00
20.00
30.00
40.00
50.00
60.00
70.00
Structure Length
D
ef
ic
ie
n
cy
Top Spalls
Bot. Trans.Cracks
Top Trans.Cracks
   25      50      75      100     125     150    175     200    225    250     275     300 
   50      75     100     125     150     175    200     225    250    275     300     325 
(10)  (30)  (13)   (8)   (3)   (16)   (7)    (5)   (2)    (2)    (1)    (6) 
(ft) 
  104  
Appendix E (Continued) 
 
Figure E.13: Plot of ADT vs. Deficiency (FR, ER, BE, BLC) 
 
 
 
 
 
 
 
 
 
 
 
 
Figure E.15: Plot of Girder Type vs. Deficiency (FR, ER, BE, BLC) 
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Figure E.14: Plot of ADT vs. Deficiency (TS, BTC, TTC) 
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Figure E.16: Plot of Girder Type vs. Deficiency (TS, BTC, TTC) 
 
Figure E.17: Plot of Distance between Girders vs. Deficiency (FR, ER, BE, BLC) 
 
Figure E.18: Plot of Distance between Girders vs. Deficiency (TS, BTC, TTC) 
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Figure E.19: Plot of Length of Span vs. Deficiency (TS, BTC, TTC) for 2 span 
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Figure E.20: Plot of Length of Span vs. Deficiency (FR, ER, BE, BLC) for 2 Span 
 
Figure E.21: Plot of Number of Lanes vs. Deficiency (FR, ER, BE, BLC) 
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Appendix E (Continued) 
 
Figure E.22: Plot of Number of Lanes vs. Deficiency (TS, BTC, TTC) 
 
Figure E.23: Plot of Number of Spans vs. Deficiency (FR, ER, BE, BLC) 
 
Figure E.24: Plot of Number of Spans vs. Deficiency (TS, BTC, TTC) 
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Appendix F: Sample Format of the Information sent to DOT’s 
 
F.1 Letter by Principal Investigator Dr.Rajan Sen, Ph.D, P.E. 
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Appendix F (Continued) 
F.2 Sketches Showing Typical Deficiencies for the Florida Bridges 
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Appendix F (Continued) 
F.3 NBI Information Summarized in a Tabular Format 
 
 
 
